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INTRODUCTION 

This  Report  SR-1  (Book  1):  Structures  Trades  and  Analyses,  documents  the  Core  Tankage 
Trades  and  analyses  performed  in  support  of  the  NLS  Cycle  0 preliminary  design  acuvmes  The 
report  covers  trades  that  were  conducted  on  the  Vehicle  Assembly,  Fwd  Skirt,  L02  Tank, 
Intertank,  LH2  Tank  and  Aft  Skirt  of  the  NLS  Core  Tankage.  For  each  trade  study  a two  page 
executive  summary  and  the  detail  trade  study  are  provided.  The  trade  studies  contain  study  results, 
recommended  changes  to  the  Cycle  0 Baseline  and  suggested  follow  on  tasks  to  be  performed 
during  Cycle  1. 
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Study  Task  Cross  Reference  Matrix  (by  Trade  #) 


Study  Task  Cross  Reference  Matrix  (by  Element) 
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5. 2. 3. 4. 2 Alternate  Panel  Construction  (#CV-STR-018-A) 

Objective 

This  trade  study  developed  and  evaluated  alternative  construction  methods  for  the  forward  skin 
skin  panels. 

Approach 

(a)  Define  a point  of  departure  forward  skirt  panel. 

(b)  Identify  concept  option  for  skin  panels  using  an  alternate  structural  configuration. 

(c)  Fstimate  weight  differences. 

(d)  Assess  productivity  impacts. 

(e)  Evaluate  options  with  respect  to  evaluation  criteria. 

(0  Select  preferred  option. 

Options  Studied 

Option  1 - Fabricated  mech.  attached  to  hat  sections  with  sheet  stock  skin  (Cycle  0 Baseline). 
Option  2 - Integrally  machined  panel  with  internal  longitudinal  blade-stiffeners. 

Key  Study  Results 

Option  1 - (Baseline)  is  synergistic  with  External  Tank  due  to  its  Intertank-like  design. 

Option  2 - has  a 4.3  per  cent  increase  in  weight,  but  local  siring  requirements  due  to 
stiffening  would  probably  increase  weight  even  further,  hitanal  stiffening  was  chosen 
TPS  application  impacts.  However  this  option  can  save  fabrication  efforts.  Panels  could  be  either 
mechanically  attached  or  welded  similar  to  L02/LH2  barrels. 

Conclusions 

The  fabricated  hat  section  and  sheet  construction  is  the  jrefcnod  jppf^  ^ to 
«...  of  TPS  aooli-cation,  and  potential  for  assembly  using  ET  tooling.  However,  since  me 
Intertank  is  a Utar-intensive  construed™,  and  the  forward  sldrtis  twtrucnw  gjte 

Intertank,  the  forward  skirt  should  be  considered  as  a good  candidate  for  produciDimy 

enhancements. 

Study  Recommendations 

Maintain  Option  1 as  Baseline  for  Cycle  0.  Consider  ,Wm)ach“  if 

alternate  proposed  forward  skin  configuration  per  Section  S.2.3.4.4  is  adopted. 
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6. 2. 3. 4. 2 Alternate  Panel  Construction  (#CV-STR-018-A) 

Objective 

This  trade  study  developed  and  evaluated  alternative  construction  methods  for  the  forward  skin 
skin  panels. 

Approach 

alternate  sutural  configuration. 

(c)  Estimate  weight  differences. 

(d)  Assess  producibility  impacts.  . . 

(e)  Evaluate  options  with  respect  to  evaluation  criteria. 

(0  Select  preferred  option. 

Options  Studied 

Option  1 - Fabricated  mech.  attached  to  hat  sections  with  sheet  stock  sWn(Cycle  0 Baseline). 

Option  2 - Integrally  machined  panel  with  internal  longitudinal  blade-stiffeners. 

Key  Study  Results 

Option  1 - (Baseline)  is  synergisdc  with  External  Tank  due  to  its  Intertank-like  design. 

Option  2 - has  a 4.3  per  cent  inctease  in  weight.btt. 

cju ^veMhicadon  effom.  Panels  could  be  either 
mechanically  attached  or  welded  similar  to  L02/LH2  barrels. 

Conclusions 

•me  fabricated  hat  section  and  sheet  construction  is  ^^g^^jSwev'Tri^ 
ease  of  TPS  appli-cation,  and  poKnud f" SSmrton  to  the 

- • 8°°d  “”didi‘,e  f°r  pr0dUC'bil“y 

enhancements. 

Study  Recommendations 

. _ . . nac^iin^  fnr  Cvcle  0 Consider  altematative  fabrication  approaches  if 

Maintain  Option  1 as  Baseline  for  eye  yj.  c - f.'yxAA  ic  adnnted. 
alternate  proposed  forward  skirt  configurauon  per  Secuon  6.2.3.4.4  is  adopted. 
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Objective  and  Approach 


20 


Prepare  Conclusions  and  Recommendations 
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MARTIN  MARIETTA 


Panda  II  Optimization  Study  - Forward  skirt 
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Stiffener  Size  and  Pitch  Sensitivity  Trades  - L02  Tank 
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Panda  II  Optimization  Study  - Intertank 
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Panda  II  Optimization  Study  - Intertank 
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Panda  II  Optimization  Study  - LH2  Tank 
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Conclusions 

Forward  Skirt  and  Intertank 

Weight  sensitivity  data  was  generated  for  varying  stringer  pitch  for  the  reference 
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Maintain  the  reference  configuration  pitch  and  stringer  size.  During  cycle  1,  stu 
alternate  barrel  panel  with  reduced  stringer  spacing  . Also  study  varying  frame 
spacing  to  define  a barrel  configuration  with  the  minimum  total  frame  plus  barrel 

weight 


5.2.3.4.3  Stiffener  Pitch  Sensitivity  (#  3-S-001B) 

Objective 

To  develop  the  weight  sensitivities  of  the  forward  skirt  if  pitch  and  stringer  size  are  varied. 

Approach 

(b)  Use  ^Panda'll1  program  to  produce  panel  weight  data  with  varying  stringer  pitch  and  axial 

loading  (lb  per  circumferential  inch) 

(c)  Document  assumptions  made  and  factors  of  safety  used. 

(d)  Produce  t bar  vs  pitch  sensititivities 

(e)  Prepare  conclusions  and  recommendations 

Key  Study  Results 

The  current  hat  section  stringers  were  used  as  the  baseline  configtration  m 

optimize  stringer  size  for  varying  pitch  and  load.  One  intermediate ^nngl fcune is iused ‘ 
stability  The  weight  (t  bar ) trend  shows  that  an  optimum  occurs  at  a stringer  pitch  of  5.0  meftes 
for  an  axial  compression  load  of  2000  lb/inch.  However  the  optimum  stringer  action  indicated  by 

in  attachment  flange  width  to  provide  roomjnd  ed 

skin/stringer  attachments.  Once  this  modification  is  incorporated  the  current  reference  becomes 

close  to  optimum. 

Conclusions 

Weight  sensitivity  data  was  generated  by  varying  the  stringer  pitch  while  maintaining  ^e  ^mnee 
SnfigS? HSu  section  fabricated  construction  approach. 

practical  design, the  Panda  H optimized  configuration  does  not  offer  any  significant  weight  sa  ing 
compared  to  the  baseline  configuration. 

Study  Recommendations 
producibility  advantages. 
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Currant  Design 


Panda  II  Optimized  Design 
(Nx  > 2000  Ib/ln  ult) 


Optimized  Design  with 
Modifications 


Stringer  Spacing  « 7.33"  stringer  Spacing  - 5X~ Stringer  Spacing  » SA" 


Additional  Information 

Sec  Doc  # MMCNLS.SR.001  Book  1 for  more  detailed  results 
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National  Launch  System 


6.2.3.4.3  Stiffener  Pitch  Sensitivity  (#  3-S-001B) 

Objective 

To  develop  the  weigh,  sensitivities  of  die  forward  skirt  if  pitch  and  stringer  sire  are  varied. 

Approach 

“l! Stop™*  weigh,  data  with  varying  stringer  pitch  and  axiat 

loading  (lb  per  circumferential  inch) 

(c)  Document  assumptions  made  and  factors  of  safety  used. 

(d)  Produce  t bar  vs  pitch  sensititivities 

(e)  Prepare  conclusions  and  recommendations 

Key  Study  Results 

The  current  hat  section  stringers  were  used  as  the  baseline  configt^on  ^ I^^  II  u^o 
optimize  stringer  size  for  varying  pitch  and  load.  One  intermediate  nng  fram  (finches 

S The  weight  (t  bar ) trend shows  that  an  optimum  occurs  at  a stringer  pitch  of  5-Oinches 
for  an  axial  compression  load  of  2000  IbAnch.  However  the  optimum  stringer  section  indicated  by 
M “eSsTSSe  in  the  attachment  flange  widti,  to  pmvide 

skin/stringer  attachments.  Once  this  modification  is  incorporated  the  current  reference  beco 
close  to  optimum. 

Conclusions 

Weight  sensitivity  data  was  generated  by  varying  ^ 

£es  no,  offer  any  significant  weight  savings 

compared  to  the  baseline  configuration. 

Study  Recommendations 

producibility  advantages. 
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2.14* 
^056^ 


Current  Design 

Panda  II  Optimized  Design 
(Nx  ■ 2000  Ib/in  utt) 

Optimized  Design  with 
Modifications 

Stringer  Spacing  * 7.33” 

Stringer  Spacing  « 5.0" 

Stringer  Spacing  * 5.0" 

Frame  Spacing  * 48.0" 

Frame  Spacing  * 48.0" 

Frame  Spacing  * 48.0" 

TbarsO.151" 

Tbar-0.130" 

Tbar-0.149" 

Additional  Information 

Sec  Doc  # MMC.NLS  .SR.001  Book  1 for  more  detailed  results 


36 


c 
o 

■ w^m 
IM 

_ c 

CO  -^= 


O cnTts  q 

O^if  c 
99  0.2 

9>  « 2 

«U,C  3 

o O) 


<s 

o 


(0 

E 

E 

(7) 

■ 

cc 


■o 

0) 

> 

o 


< 


o 

CO 


0> 

fl)  CM 
3 CO 
0)0 
CO  © 

3 ri. 

m **> 

® CM 


CO 


3^ 


CD 

■o 

£ 

CO 

Q. 

0) 


CM 

O) 

O) 


00 


& 

CO 

3 1 

ss  co 


" 4) 

% ‘co 

OC  Q 


O 

in 

co 

O) 

9 


5 

EC 


37 


Issues  And  Objective 3-s-ooi-c 

Issue 
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MANNED  SPACE  SYSTEMS 


• Obtain  Definition  Of  The  Reference  Configuration. 
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Ref  Configuration  Avionics 
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Proposed  Fwd  Skirt  Configuration 


Alternate  Fwd  Skirt  Configuration  3-s-ooi-c 
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Conclusions  And  Recommendations  3-s-ooi-c 

Conclusions 

• Full  IACO  Of  Core  Stage 
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5. 2. 3. 4. 4 Alternate  Fwd  Skirt  Configuration  (#3-C-001C) 


Objective 


Determine  if  an  alternate  concept  for  the  forward  skirt  and  intertank  would  permit  full  core  stage 
IACO  at  build  site. 


Issue 


Onre  crape  cannot  be  fully  checked  out  at  build  site  because  some  avionics  and  propulsion 

interstage  which  is  not  part  of  the  core  stage.  The  interstage  is 
required  as  pan  of  the  encapsulated  payload  concept  and  would  be  mated  to  the  launch  vehic  e a 
KSC. 


Approach 


(a)  Obtain  definition  of  cycle  0 reference  configuration. 

(b)  Develop  concept  for  packaging  launch  vehicle  avionics 

(c)  Evaluate  against  ref  configuration. 

(d)  Prepare  conclusions  and  recommendations. 


and  RCS  in  an  expanded  fwd  skirt. 


Options  Studied 

C$Z  2 - interface  joint  relocated  to  n 2379.70.  avionics  and  RCS  packaged 
in  new  extended  fwd  skirt. 

Key  Study  Results 

which  should  result  in  a reduced  weight 


Conclusions 


The  alternate  con«p.  will  pamit  full  IACO 

for  packaging  of  avionics  and  p^ulsion  wmptmc^  It  does  however  require 
the  interface  joint  and  reduces  the  length  of  the  interstage. 


Study  Recommendations 

Study  the  alternate  configuration  further  in  cycle  1. 


Launch  vehicle 
avionics  and  RCS 
packaged  in 
proposed  fwd 
skirt  allowing 
complete  check-oi 
of  core  tankage  at 
build  site 


Additional  Information 

See  Doc  # MMC.NLS.SR.001.Book  1 for  more  detailed  results. 
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National  Launch 


true  lures  uuiu  * 


6. 2. 3. 4. 4 Alternate  Fwd  Skirt  Configuration  (#3-C-001C) 

Objective 

Determine  if  an  alternate  concept  for  the  forward  skirt  and  intertank  would  permit  full  core  stage 
1AC0  at  build  site. 

Issue 

Core  stage  cannot  be  fully  checked  out  at  build  site  because  some  avionics  and  propulsion 
components  are  located  in  the  interstage  which  is  not  part  of  the  core  stage.  The  interstage  is 
required  as  part  of  the  encapsulated  payload  concept  and  would  be  mated  to  the  launch  vehicle  at 

KSC. 

Approach 

(a)  Obtain  definition  of  cycle  0 reference  configuration.  „ . , , - . .. 

(b)  Develop  concept  for  packaging  launch  vehicle  avionics  and  RCS  in  an  expanded  rwd  skirt. 

(c)  Evaluate  against  ref  configuration. 

(d)  Prepare  conclusions  and  recommendations. 

Options  Studied 

Option  2 - Alternate  concept  - interface  joint  relocated  to  sta  2379.70,  avionics  and  RCS  packaged 
in  new  extended  fwd  skirt. 

Key  Study  Results 

The  RCS  tankage  size  and  location  requires  the  skirt  to  be  extended  approx  8 feet  to  provide  the 
rauired ££$£■ Volume.  This  extSded  skirt  then  has  sufficient  space  to  pactegethe launch 
vehicle  avionief The  new  configuration  still  provides  adeqmue  clearance  to  allow  AcC^en&nes 
to  occupy  the  inner  volume.  Moving  the  field  joint  to  its  new  location  reduces  the  interface  diameter 

which  should  result  in  a reduced  weight. 

Conclusions 

The  alternate  concept  will  permit  full  IACO  of  Core  Stage.  The  concept  provides  adequate  space 
for  packaging  of  avionics  and  propulsion  components.  It  does  however  require  the  relocanon  of 
the  interface  joint  and  reduces  the  length  of  the  interstage. 

Study  Recommendations 

Study  the  alternate  configuration  further  in  cycle  1. 
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Launch  vehicle 
avionics  and  RCS 
packaged  in 
proposed  fwd 
skirt  allowing 
complete  check-oi 
of  core  tankage  at 
build  site 


Additional  Information 

See  Doc  # MMCNLS.SR.001. Book  1 for  more  detailed  results. 
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Perform  a dynamic  assessment  of  the  concepts 
Document  results. 
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MANNED  SPACE  SYSTEMS 


Alternate  Hold  Down  Concept  For  1 .5  Stage  3-S-007 


MANNED  SPACE  SYSTEMS 


Launch  Pad  Support  Details 3-S-007 
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Alternate  1 .5  Stage  Support  T rade  3-S-007 

LH2  Tank  Weight  Comparison  with  Alternate  Support 

• Unpressurized  Tanks  @ Prelaunch 

• Min.  Ullage  Pressure  = 17.3  psig  at  Launch 
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Reference  Alternate  Support 


s? 
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/w/l#?r/yv  MARiETTA I 


Alternate  1.5  Stage  Support  Trade 3-S-007 

Common  Core  Weight  Comparison  (25  pig  at  LO) 

A Alternate  Configuration  B 
/ — \ • Unpressurized  Tanks  at  Prelaunch 

• Min.  Pressure  = 25  psig  at  Launch 
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Alternate  1.5  Stage  Support  Trade 3-S-007 

Launch  Off  Forward  Support  - Dynamic  Assessment 
• Assessment 
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6. 2. 1.4. 8 Alternate  Hold  Down  for  1.5  Stage  (3-S-007) 


Objective 


Evaluate  the  benefits  and  impacts  to  the  1.5  Stage  vehicle  when  it  is  supported  on  at 

the  forward  SRB  fittings  instead  of  being  cantilevered  from  the  base  of  the  propulsion  module. 


Approach 

(a)  Review  requirements,  establish  ground  rules 

(b)  Determine  critical  load  conditions  and  support  loads 

(c)  Review  reference  vehicle  (Common  Core)  for  critical  condmons  and  loads 

(d)  Identify  impacts  to  the  reference  vehicle 

(e)  Evaluate  weight  impacts/savings  for  the  common  core  vehicle 

(f)  Perform  dynamic  assessment  of  concepts 

(g)  Document  results 


Options  Studied 

GSE  structure  simulating  the  SRB  stiffness  would  attach  to  the  forward 

2985)  and  aft  SRB  fittings  (Station  4058).  The  GSE  structure  would  deploy  at  lift  off  to  provide 

clearance  for  the  vehicle. 


Key  Study  Results 

A crossbeam  would  have  to  be  added  to  the  Intertank  and  the  shell  stiffened  lo^ly  “ * ** 

inr-rfawt  (over  the  ET  values)  loads.  Approximately  30  intermediate  rings  could  be  removed  from 
the  LH2  tank  and  the  barrel  membrane  thickness  reduced  substantially.  The  propulsion  module 
could  be  resized  to  remove  the  hold  down  structure. 

Lift  off  is  significantly  mote  complex.  Strain  enmgy  is  stored  in  the  stmetute  when  tte  am 

running  but  before  separation  from  the  MLP.  This  energy  can  be  released  dtfferendy  de^ndmg 
orTdie  releasemethod  chosen,  none  of  which  are  simple  Severe  transrent  loads^  indncedfrom 
the  sudden  release  of  the  strain  energy.  The  more  slowly  the  snam  energy  is  released,  the  long 
the  vehicle  will  be  in  close  proximity  to  the  tower,  which  is  not  desirable. 


Conclusions 

l in  tn  sftflO  lbs  can  be  saved  by  supporting  the  1.5  Sage  vehicle  at  the  forward  SRB  fttdngs. 
H^^di  ctSpTis  »nsWeJm  be!  high  risk  item,  panicutarly  in  the  area  of  ltft  off 

dynamics  and  hold  down  pin  retraction. 


Study  Recommendations 

Maintain  the  baseline  approach  for  holding  down  the  1.5  Stage  vehicle. 


Additional  Information 

Sec  Doc  # MMC.NLS.SR.001  Book  1 for  more  detailed  results. 
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niiiiniiiimimifmi  Modify  Alternative  Facility 
New  Facility  Required 
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Critical  Facility  Impacts  - One-of-a-Kind  Cells  3-S-008A 
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MANNED  SPACE  SYSTEMS 


5. 2. 6. 4. 3 Tank  Length  vs  Facility  Impacts  (#3-S-008A) 

Objective 

Assessed  ihe  external  tank  manufacturing  moling  and  facilities  to  determine  the  impact  of  increased 
tank  length. 

Approach 

Each  major  tooling  position  and  processing  facility  was  analyzed  to  determine: 
m current  maximum  length  capability  of  tools  and  cells 
(2)  modifications  required  for  each  step  of  incremental  growth  up  to  building  or 

other  limitation. 

Key  Study  Results 

0-1 E - “EKS? 

S H m'lV  ft  - R«*S  x£*.  Lengthen  Don.  A Lower  SIB 

Stretch  Over  17 ft  -Newcell 

“•"•ISSBhw  -aswasS- 

Stretch  8 ft  6 in  to  12  ft  - Modify  TPS  Closeout  Room 

Stretch  Over  12  ft  -Newcell 

Reactivate  existing  Cells  M & N for  L02  & LH2  Tank  SOFI 

Existing  Proof  Test  facility  am  accommodate  up  to  11  ft  stretch  (Pressure  Only).  Applied  loads 
may  require  new  facility 

Conclusions 

Reference  configuration  5 ft  LH2  Tank  stretch  confirmed 
Recommendations 

Use  study  results  as  an  input  to  Propulsion  Tank  Stretch  Study  P-001 
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Najjonai  Launch  ’System  H92  Cycle  Zero  Stjmciures  Data  Package  Page  2 


Tank  Processing  Cells 

Cells  B/C  LH2  SOFI 
Cell  D LH2  Aft  Dome  SOFI 

Cell  E LH2  Int  Clean 

Cell  F L02  Hydro  Test 

Cell  P Ext  Clean  & Prime 

Cell  A Veh.  Stack 

Cells  N (Alternative)  LH2  SOFI 
Cells  M L02  SOR 

4 8 12  16 

mssmso  Achievable  with  Minor  Tooling  and  Facility  Mods 
czzzzzzza  Major  Facility  Mods  - (ET  Downtime  Greater  Than  9 Mo.) 
amnnnnnni  Modify  Alternative  Facility 
New  Facility  Required 


5 ft  B/C  Capacity  Limited  - Requires 
(Mssssca  Turnover  Operation  Use  Alt.  Cell  N 

| Not  Required  Use  Alt.  Cell  N 
5ft 1 i 

17  ft* 

1 Adequate  for  L02  Requirement \ 

1 12  ft 

1 

8ft6ln  12ft 

! 12ft 

■ n m i n i m 1 1 m 1 1 m 1 1 1 1 1 nm nnn y y y y y / y y y^ 

1 Adequate  for  L02  Requirement 

V 

Length  vs  Facility  impacts  for  Tank  processing  cells 

9’-  0" 


LH2  Major  Weld  Assy 
Final  Assy  (Bldg  103) 

LH2  Proof  Test  (Bldg  451) 
Test  & Checkout  (Bldg  420) 


Growth  (ft)  4 


8 


Haw  Facility  RaqUrad| 


14*.  0* 

b&ss 


12 


16 


18 


ZZZZZZZZ2. I 


Achievable  with  Minor  Tooling  and  Facility  Mods 
Facility  Mods 

Relocate  Fwd  Dome  Attach  Tooling 
Extend  Existing  Bldg 

LH2  Tank  Proof  Test(  Pressure  Only)  up  to  11  ft 
(Applied  Loads  May  Require  New  Facility) 


Length  vs  Facility  impacts  for  Assembly  Facilities 

Additional  Information 


Sec  Doc#  MMC.NLS.SR.001  Book  1 for  more  detailed  results 
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6. 2. 6. 4. 3 Tank  Length  vs  Facility  Impacts  (#3-S-008A) 

Objective 

Assessed  the  external  tank  tnam.fact.mng  tooling  and  facilities  to  detetmine  the  impact  of  increased 
tank  length. 


Approach 

Each  major 


tooling  position  and  processing  facility  was  analyzed  to  determine: 

(\\  current  maximum  length  capability  of  tools  and  cells  „ 

(2)  modifications  required  for  each  step  of  incremental  growth  up  to  building  or 

other  limitation. 


Key  Study  Results 


Cell  E - Internal  LH2  Clean  and  Indite:  J.i_ 

Stretch  up  to  5 ft  - Minor  Tool  & Facility  Modification 

Stretch  5 to  1 1 ft  • Roof  & Lengthen  Door 

Stretch  1 1 to  17  ft  - Raise  Roof,  Lengthen  Door  & Lower  Sill 


Stretch  Over  17  ft 


- New  cell 


Cell  A - Core  Tankage  Stack: 

Stretch  LH2  Tank  8 ft  6 in 

Stretch  8 ft  6 in  to  12  ft 
Stretch  Over  12  ft 


- No  major  facility  mod. 

- Modify  TPS  Closeout  Room 
-New  cell 


Reactivate  existing  Cells  M & N for  LQ2  & LH2  Tank  SOFI 


Existing  Proof  Test  facility  can  accommodate  up  to  11  ft  stretch  (Pressure  Only).  Applied  loads 
may  require  new  facility 


Conclusions 


Reference  configuration  5 ft  LH2  Tank  stretch  cotifirmed 

^ISff^c^r  -r,  be  u.oormrx^ar.a 


Recommendations 

Use  study  results  as  an  input  to  Propulsion  Tank  Stretch  Study  P-001 
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Tank  Processing  Cells 
Cells  B/C  LH2  SO  FI 


Cell  D LH2  Aft  Dome  SOFI  Not  Required  Use  Alt.  Cell  N 

Cell  E LH2  Int  Clean  wwMWiMMfflr' ^zzzi  zzzi 


5 ft  |B/C  Capacity  Limited  - Requires 
SSl  Turnover  Operation  Use  Alt.  Cell  N 


Cell  F L02  Hydro  Test 

Cell  P Ext  Clean  & Prime 

Cell  A Veh.  Stack 

Cells  N (Alternative)  LH2  SOFI 
Cells  M L02  SOFI 


Adequate  for  L02  Requirement  : 

12ft 

msmsmmms&mEZz: 
8 It  6 In  12ft 


Adequate  for  L02  Requirement 


Achievable  with  Minor  Tooling  and  Facility  Mods 
Major  Facility  Mods  ■ (ET  Downtime  Greater  Than  9 Mo.) 
Modify  Alternative  Facility 
New  Facility  Required 


Length  vs  Facility  impacts  for  Tank  processing  cells 

9 - 0” 


LH2  Major  Weld  Assy 
Final  Assy  (Bldg  103) 

LH2  Proof  Test  (Bldg  451) 
Test  & Checkout  (Bldg  420) ! 


|9’-  O’ 


1710* 


New  Facility  Required 

1 " 


Growth  (ft)  4 8 12  16 

Achievable  with  Minor  Tooling  and  Facility  Mods 
Facility  Mods 

Relocate  Fwd  Dome  Attach  Tooling 

Extend  Existing  Bldg  A 

LH2  Tank  Proof  Test(  Pressure  Only)  up  to  11  ft 
(Applied  Loads  May  Require  New  Facility) 

Length  vs  Facility  impacts  for  Assembly  Facilities 


Additional  Information 

See  Doc#  MMC.NLS.SR.001  Book  1 for  more  detailed  results 
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Rev:  Initial 
Date:  January  8, 1992 


Objective  and  Approach  3-S-008-B 

Objective 
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Ground  Rules  & Assumptions 3-S-008-B 

• Nominal  tank  configuration  as  per  MSFC  Cycle  0 definition 
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Weld  Land  Thicknesses 3-S-008-B 

Thicknesses  in  Inches 
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5.2.6.4.4  LH2  Tank  Sizing  vs.  Pressure  (3-S-008B) 

Objective 

This  trade  study  develops  the  impacts  to  the  LH2  tanic  pressure  shell  for  increasing  ullage 
pressures  up  to  80  psig.  (The  baseline  pressure  is  34  psig). 


Approach 

(a)  Determine  pressure  capability  of  the  Reference  Configuration 

(c)  Perform1 suSysS  Setemaine  membrane  and  weld  land  thickness  requirements  for  pressures 
above  the  capability  of  the  Reference  Configuration  ^ 

(d)  Develop  weight  impacts  to  the  Reference  Confirmation 

biaxial  yichi  and  ban*  sire 

(g)  Document  results  of  the  study  and  prepare  conclusions 


Options  Studied 

Ullage  pressures  from  34  psig  to  80  psig. 


Key  Results 

The  weight  impact  is  roughly  450  Lbs.  per  psi.  No  tooling  impacts  are  identified  until  ullage 

adopted. 

Conclusions 

This  study  identified  the  weight  impacts  for  ullage  pressures  between  20  and  80  psig.  The  weight 
increase  is  fairly  linear  and  unbounded  for  increasing  ullage  pressures. 


Recommendation 

Use  the  results  of  this  trade  as  an  input  to  the  propulsion  studies  of  engine  performance  vs.  ullage 
pressure. 
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6.2.6.4.4  LH2  Tank  Sizing  vs.  Pressure  (3-S-008B) 

Objective 

This  trade  study  develops  the  impacts  to  the  LH2  tank  pressure  shell  for  increasing  ullage 
pressures  up  to  80  psig.  (The  baseline  pressure  is  34  psig). 


Approach 

(a)  Determine  pressure  capability  of  the  Reference  Configuration 

(b)  Establish  critical  load  conditions  ....  . r „„ 

(c)  Perform  analysis  to  determine  membrane  and  weld  land  thickness  requirements  for  pressures 

above  the  capability  of  the  Reference  Configuration 

(d)  Develop  weight  impacts  to  the  Reference  Configuration 

(e)  Evaluate  impact  to  manufacturing  for  increased  thickness 

(f)  Evaluate  whether  impacts  can  be  reduced  by  the  use  of  the  biaxial  yield  theory  and  frame  size 
reduction. 

(g)  Document  results  of  the  study  and  prepare  conclusions 
Options  Studied 

Ullage  pressures  from  34  psig  to  80  psig. 


Key  Results 

The  weight  impact  is  roughly  450  Lbs.  per  psi.  No  tooling  impacts  are  identified  until  ullage 
pressures  reach  50  psig.  Major  tooling  impacts  occur  once  ullage  pressures  exceed  70  psig.  l nere 
is  no  weight  savings  for  ullage  pressure  below  the  baseline  pressure  because  the  skin  is  sized  for 
compression,  not  pressure  induced  tension.  There  is  no  weight  savings  for  frame  redesign  since 
the  frames  are  required  for  an  unpressurized  condition.  The  weight  penalty  may  be  mitigated  by 
500  to  1200  lbs.,  depending  on  the  maximum  ullage  pressure,  if  the  biaxial  yield  theory  is 

adopted. 


Conclusions 

This  study  identified  the  weight  impacts  for  ullage  pressures  between  20  and  80  psig.  The  weight 
increase  is  fairly  linear  and  unbounded  for  increasing  ullage  pressures. 


Recommendation 

Use  the  results  of  this  trade  as  an  input  to  the  propulsion  studies  of  engine  performance  vs.  ullage 
pressure. 
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Ollaga  Praaaura  [paig] 


Additional  Information 

See  Doc#  MMC.NLS.SR.001  Book  1 for  more  detailed  results 
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Stiffener  Pitch  Sensitivity  Study 


See  3-S-001B  Trade  Study  | 
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MANNED  SPACE  SYSTEMS 


5.2.6. 4.5  Stiffener  Pitch  Sensitivity  Study  (#  3-S-008C) 


Objective 

To  develop  weight  sensitivities 


of  the  LH2  tank  by  varying  pitch  and  stiffener  size. 


Approach 

8 i—  «•**  pi,ch — ““ 

c)  of  - v ^ 

d)  Produce  t bar  vs  pitch  sensititivities 

e)  Prepare  conclusions  and  recommendations 

Key  Study  Results 

The  eunen.  internal  T section  nnagen^ 

«->  ~*  r^nch°PS”2Tr„ch 

benefits 

Conclusions 

Weigh,  sensitivity  data  was 

offers  weight  savings  compared  » tire  taseline  configuration 

but  is  not  considered  producable. 

Study  Recommendations 

Maintain  the  reference  configuration  ore/ Z 

£XM»£L  in  (Edition  smdy  tire  impact  of  varing  frame 

spacing  on  the  stiffener  pitch. 
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LH2  TANK 

Stringer  Spacing  Vs  Tbar 


Nx  Ib/in 


Currant  Design 

Optimized  Design 
Nx*2600  Ib/ln 

Stringer  Spacing*-! 0.832” 

Stringer  Spacing*2JT 

Frame  Spacing>26.7** 

Frame  Spadng*26.7** 

Teklns0.170 

Tsklns0.061 

TbarsO.193 

Tbar  x0. 108 

Optimized  Design 
Nxs3250  Ib/ln 


Stringer  Spaclng*2.0" 


Frame  Spaclng*26.T 


Tskin«0.067 


TbersO.123 
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6.2.6.4.5  Stiffener  Pitch  Sensitivity  Study  (#  3-S-008C) 

Objective 

To  develop  weight  sensitivities  of  the  LH2  tank  by  varying  pitch  and  stiffener  size. 

Approach 

?,  "SrSSnSSX  'panel  weight  dan,  with  vtnying  soinger  pitch  and  axial 

loading  (lb  per  circumferential  inch) 

c)  Document  assumptions  made  and  factors  of  safety  used. 

d)  Produce  t bar  vs  pitch  sensititivities 

e)  Prepare  conclusions  and  recommendations 


Key  Study  Results 

The  current  internal  T section  stringers  were  TE 

n^enceco^^raA^waaused^The^wright  toch 

IS  Shn^£°p"  « t»5  inches  ntay  offer  sizable 

benefits 

Conclusions 

Weigh,  sensitivity  dan,  was  genentted  by  varying  *••*££* 

* configuration 

but  is  not  considered  producable. 


Study  Recommendations 

Maintain  the  reference  conf.gun.tion  LH2  <^n^v^®|^^sS8inSi'sJd 

^SgKon^t  asaSiaw  «a«  °f  «*«  *■» 

spacing  on  the  stiffener  pitch. 


LH2  TANK 

Stringer  Spacing  Vs  Tbar 


Nx  Ib/in 


i — I 


ri 

.1 

Currant  Design 

Optimized  Design 
Nx*2600  Ib/in 

Optimized  Design 
Nx*3250  Ib/in 

Stringer  Spacing*! 0.832" 

Stringer  Spacing*2.0" 

Stringer  Spacing=2.0" 

Frame  Spaclng=26.7" 

Frame  Spaclng*26.7” 

Frame  Spaclng=26.T' 

Tskins0.170 

Tskins0.061 

Tsklns0.067 

Tbar*0.193 

Tbars0.108 

TbaraO.123 

Additional  Information 

Details  of  this  study  are  contained  in  Doc  #MMC.NLS.SR.OO!.BOOK  1 


THIS  PAGE  INTENTIONALLY  LEFT  BLANK 
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GMR.91352  MANNED  SPACE  SYSTEMS 


Groundrules  & Assumptions  

Use  NLS  Baseline  L02  & LH2  Tank  Panels  As  Point  Of 
Departure  (P.O.D.).  Material  = AI-221 9.  Configurations 
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Kev  Issues/Evaluation  Criteria 
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MANNED  SPACE  SYSTEMS 


nptinn  1 - LQ2  & LH2  Bg^rte  Panel  (P.O-P 
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Ill 


Option  3 - Machined  Waffle  Panel  (LQ2  & LH2 
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• Designed  For  Maximum  Axial  & Bending  Loading 
Conditions. 
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Designed  For  Maximum  Bending  Conditions 
& Bi-Directional  Loading. 


Option  5 - Welded  Panel  (LQ2  & LH2) 
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• Design  Consistant  With  Maximum  Axial  Load  Distribution. 
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Manufacturina/Producibilitv  Summary 


CO 

2 

UJ 


Intermediate  a- 
Frame  Attachment 

Baseline 

(+)  Less  Complex 
Bracket  Arrgt. 
Required 

(+)  Less  Complex 
Bracket  Arrgt. 
Required 

Same  As 
Baseline 

Same  As 
Baseline 

Same  As 
Baseline 

Mechanical  Assembly 
& Installation  To  Tank 

Baseline 

■ 

Ppl 

rajPlbY*  lL«ar 
i Ar 

1 

■ 

IAT: 

IL^Jaa 

KEp 

■ 

■c 

Q>  £ 

*11 

£f: 

+.2  « 
cs 
— a 

ii 

(-)  Some  High  Development 
WorkTo  Adapt  ET  Tooling. 
Hlaher  Weld  Costs. 

(-)  Some  High  Development 
WorkTo  Adapt  ET  Tooling. 

Same  As 
Baseline 

Barrel 

IjjjfWeid  Assemblyllll 

Baseline 

Same  As 
Baseline 

H 

^7W»pH 

(-)  Some  High  Development 
WorkTo  Adapt  ET  Tooling. 
Hloher  Weld  Costs. 

Same  As 
Baseline 

Same  As 
Baseline 

Same  As 
Baseline 

Option  1 
(Baseline) 

Option  2 
Machined  Blade 

Qtiffoneri  Panel 

Option  3 
Machined 
WafflePanel 

*3 
in  £ 
c Q. 
0-0 

•£  ® 
°-T3 

O q) 
£ 

Option  6 
Mechanically 
Fastened  Panel 

Option  7 
Extruded  Panel 

CO 

CO 

UJ 

o 

< 

CL 

CO 

G 

UJ 

z 

z 

< 

2 


CM 

in 

e*5 

5 

GC 


O 


117 


Weiaht  Impact  Summar 
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Evaluation  Summa 
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Insufficient  Data  Exists  To 
Effectively  AssessThls  Option. 
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. Option  7 - Most  Promising  Concept  If  Proven  To  Be  Feasible. 
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5.2.6.4.6  Alternate  Panel  Construction  (#CV-STR-015-C) 

Objective 

Hus  trade  study  developed  end  evaluated  alternative  panel  construction  methods  for  the  LH2  tank 
barrel  panels. 

Approach 

(a)  Define  a point  of  departure  L02  tank  panel. 

(b)  Identify  concept  options  for  skin  panels. 

(c)  Estimate  weight  deltas, producibility,  and  cost 

(d)  Evaluate  options. 

(e)  Select  preferred  option. 

Options  Studied  - LH2  Tank 

Option  1 - Machine  Panel  With  Tee  Stiffeners  (Baseline) 

Option  2 - Machined  Blade-Stiffened  Panel 
Option  3 - Machined  Waffle  Panel 
Option  4 - Machined  Isogrid  Panel 
Option  5 -Welded  Panel 

Option  6 - Mechanically  Fastened  Stiffened  Panel 
Option  7 - Extruded  Panel 

Key  Study  Results 

All  options  were  compared  to  the  ™<‘E’5 

in  weight  and  ranked  2nd  lowpt  cost*  Op  lowest  cost.  Option  5 had  the  same 

lowest  cost  Option  4 had  12%  decrease  in  Sj*  ..  jnrr^a^  weight  of  1%  and  was  4th 

estimates  could  ik*  be  performed  on  this  option 

due  to  insufficient  data. 

Conclusions 

Seven  alternative  construction  Option  was  eliminated 

excellent  synergism  with  ET  Option  3 was 

due  to  poor  External  Tank  ^j^S^quiring  additional  development 

eliminated  due  to  excessive  DDT&E  costs.  * . •ui:^  0f  eliminating  intermediate 

-k.  «.  excessive 

frames  and  weight.  Option  5 s bl  synopsm  was  eliminated  due  to  excessive 

proves  ,o  te 

feasible. 

Study  Recommendations 

Maintain  Option  1 as  Baseline.  Continue  to  study  the  following  viable  alternative  designs  dunng 

CyCfel:  . Option  1 - M/C  Panel  Wilh  Tee  Stiffeners  (Baseline) 

Option  4 - Machined  isogrid  paneL 

Follow  the  progress  and  development  of  Option  7 
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Option  1 - Baseline  Panel  (P.O.D.) 


•Machined  Panel  W /Tea- Stiffening . 
• Synergistic  W/  External  Tank. 
•Utilize*  Existing  ET  Processes 
And  Tooling. 

•Design  Consistent  With  Maximum 
Axial  load. 


Option  2 - 


,,  — , • Machined  Panal  ¥/  Blade-Stif faning . 

| • May  Mot  Utilise  ET  Processes 

I And  Tooling . 

I • Design  Consistent  With  Maximum 

Mach. Blade-Stiff . Panel  Load' 


• Machined  Naffle  Panel  W/  Long.  S 
Trans v.  Stiffening. 

• Hew  Processes  And  Tooling 
Required. 

• Designed  Tor  Maximum  Axial  f 
Bending  Loading  Condition*. 


Option  3 - Machined  Waffle  Panel 


rrid  Panel 


• Machined  Iso-Grid  Panel  Kith 
Multi-Directional  Stiffening. 

• Mew  Processes  And  Tooling 
Required. 

• Designed  Tor  Maximum  Bending 
Conditions  & Bi-Directional 
Loading. 


•Machined  Panel  With  Melded 
Extruded  Tee-Stiffening . 

•Similar  To  External  Tank. 

•Mew  Processes  And  Tooling  Required. 
•Design  Consistent  Mlth  Maximum 
Axial  Load  Distribution . 


• skin  mlth  hi~H  Slots  To 

— — ^ Accept  Extrusions. 

I|  11  • Extruded  Tee  Stiffeners. 

11  |[  • Mechanically  Assembled. 

• Hew  Processes  And  Tooling 

Option  6 - Mechanically  Fastened  Panel  Required. 


s***^^\  • Panal*  Extruded  Through  Circular  Die 

(Stringer*  Extruded  On  Out*ida  Of  Circle)  . 
I \f*  * m*c  Panel*  Are  Extruded  They  Are  Heated 

L And  Rolled  Out  Into  Pint  Panel*  And 

Allowed  To  Cool. 

• Require*  35,000  Ton  Pre**. 

. u*if  Proooa***  And  Tooling  Required. 

Option  7 - Extruded  Panal 
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6.2. 6. 4. 6 Alternate  Panel  Construction  (#CV-STR-015-C) 


Objective 

This  trade  study  developed  and  evaluated  alternative  panel  construction  methods  for  the  LH2  tank 
barrel  panels. 


Approach 

(a)  Define  a point  of  departure  L02  tank  panel. 

(b)  Identify  concept  options  for  skin  panels. 

(c)  Estimate  weight  deltas,producibility,  and  cost. 

(d)  Evaluate  options. 

(e)  Select  preferred  option. 

Options  Studied  - LH2  Tank 

Option  1 - Machine  Panel  With  Tee  Stiffeners  (Baseline) 

Option  2 - Machined  Blade-Stiffened  Panel 

Option  3 - Machined  Waffle  Panel 

Option  4 - Machined  Isogrid  Panel 

Option  5 - Welded  Panel 

Option  6 - Mechanically  Fastened  Stiffened  Panel 
Option  7 - Extruded  Panel 


Key  Study  Results 

All  options  were  compared  to  the  Option  1 Reference  Configuration.  Option  2 had  an  8%  decrease 
in  weight  and  ranked  2nd  lowest  cost.  Option  3 had  a 5%  increase  ^ 

lowest  cost.  Option  4 had  12%  decrease  in  weight  and  was  3rd  lowest  cost.  Option  5 hadtheMme 
weight  aTbaseline  and  had  the  highest  costs..Option  6 had  an 

lowest  cost.  Option  7 had  no  weight  increase.  Cost  estimates  could  not  be  performed  on  this  option 
due  to  insufficient  data. 


Conclusions 

work  mav  be  an  attractive  method  of  construcuon  due  to  the  possibility  of  eliminating  intermediate 
SmU™  d wdehtO prion “s  ET  synergism  was  excellent  but  was  eliminated  due  to  excessive 
DOT&E  ctTs  Option  S dso  had  excellent  ET  synergism,  but  was  also  elimmated  due  to  excessive 
DDT&E  costs.  Option  7 could  be  the  most  promising  of  all  the  if  the  technology  proves  to  be 

feasible. 

Study  Recommendations 

Maintain  Option  1 as  Baseline.  Continue  to  study  the  following  viable  alternative  designs  dunng 
Cycle  1* 

- Option  1 - M/C  Panel  With  Tee  Stiffeners  (Baseline) 

. Option  4 - Machined  isogrid  panel. 

Follow  the  progress  and  development  of  Option  7 
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Option  1 - Basalina  Panel  (P.O.D.) 


Cycle  Zero  Structures  Data  Package  Page  2 


•Machined  Panel  W/Tee-Stif fining . 
•Synergistic  W/  External  Tank. 
•Utilizes  Existing  ET  Processes 
And  Tooling. 

•Design  Consistent  With  Maximum 
Axial  Load. 


1 

Option 

r 

n 2 - Mach. 

n 

.Blada-Stifi 

• May  Not  Utilize  ET  Processes 
And  Tooling. 

• Design  Consistent  With  Maximum 
Panel  Axial  Load' 

Option  3 - Machined  Waffle  Panel 


Transv.  stiffening. 

New  Processes  And  Tooling 
Required. 

Designed  For  Maximum  Axial  « 
Bending  Loading  Conditions  • 


tion  4 - 


Option  6 * 


Machined  Iso-Grid  Panel  With 
Multi-Directional  Stiffening . 
• Hew  Processes  And  Tooling 
Required. 

Designed  For  Maximum  Bending 
Conditions  £ Bi-Directional 
Loading. 

• Machined  Isoqrld  Panel  


•Machined  Panel  With  Welded 
Extruded  Tee-Stiffening. 

•Similar  To  External  Tank. 

•Hew  Processes  And  Tooling  Required. 
•Design  Consistent  With  Maximum 
panal  Axial  Load  Distribution. 


__ __  . Skin  With  Machined  Slots  To 

!^====  — 1 Accept  Extrusions . 

• Extruded  Tee  Stiffeners. 

• Mechanical  1 y Assembled. 

3 C-hlU  * Hew  Processes  And  Tooling 

Mechanically  Fastened  Panel  Required. 


• Panels  Extruded  Through  Circular  Die 
(Stringers  Extruded  On  Outside  Of  Circle)  . 

• After  Panels  Are  Extruded  They  Are  Heated 
And  Rolled  Out  Into  Flat  Panels  And 
Allowed  To  Cool. 

• Requires  35,000  Ton  Press. 

• Hew  Processes  And  Tooling  Required. 


ws$ 

r.  vx 


| Option  7 - Extruded  Panel  

Additional  Information 

Sec  Doc  # MMGNLS.SR.001.Book  1 for  more  detailed  results. 
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1.5  Stage  Intertank  Groundrules  CV-STR-19A 

• Intertank  Length  & Dia  As  ET 
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Af/l/?r//V  MARIETTA 
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Same  As  NLS  Common  Core  Intertank 
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Intertank  Commonality  CV-STR-1 9A 
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5.2.S.4.2  Intertank  Commonality  Assessment(#3-S-009A) 


Objective 

Study  the  commonality  between  HLLV,  1.5  Stage,  and  STS  Intertanks  and  recommend  degree  of 
commonality. 

Approach 

(a)  Develop  a "Standalone"  HLLV  intertank  config. 

(b)  Develop  a "Standalone"  1.5  Stage  intertank  config. 

(c)  Compare  "Standalone"  configs.  with  the  reference. 

(d)  Identify  the  level  of  part  commonality  between  HLLV , 1 .5  Stage,  and  STS  intertanks. 

(e)  Develop  weight  estimates  and  compare  to  reference. 

Groundrules 

Intertank  length  and  diameter  as  ET. 

Basic  panel  construction  similar  to  ET. 

Omit  all  requirements  for  SRB  attachment  on  1.5  Stage. 

Interfaces  and  penetrations  as  the  reference. 

Frame  locations  as  reference,  frames  may  be  omitted  or  reduced  in  size. 

Frame  depths  may  vary. 

Key  Study  Results 

The  standard  HLLV  intertank  was  identified  as  almost  identical  to  the  common  core  NLS  intertank, 
indicating  that  ASRB  loads  are  the  prime  driver.  A significant  weight  saving  of  over  5 Klbs  can  be 
achieved  by  designing  a standalone  1.5  Stage  intertank.  This  requires  an  additional  STA  wluch 
adds  DDT&E  cost.  The  standalone  intertank  can  be  produced  on  existing  ET  tooling  with  minimal 
modifications. 

Conclusions 

A standalone  intertank  for  the  1.5  Stage  is  very  attractive  due  to  the  significant  weight  savings 
(40%).  Very  little  part  commonality  exists  between  STS,  HLLV  and  1.5  Stage  intertanks  when 
designed  as  unique  standalone  configurations.  Commonality  does  exist  in  panel  construction 
methods,  tooling,  and  build  approach. 

Study  Recommendations 

During  Cycle  1 a more  in  depth  study  should  be  performed  to  confirm  1.5  Stage  intertank  weight 
savings.  This  study  should  also  incorporate  results  from  trade  study  on  stiffener  pitch  sensitivity 
(see  5.2.5.4.3). 
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Common  Ring  Frame  (5) 
— Fabricated  I-Beam 


NLS  Skin/Stringer  Panels  (8) 
- Mechanically  Fastened 
Stringer-Stiffened  Panel 
(Thrust  Panels  Omitted) 


Xn  2852.80 
L02  Tank  I/F 


Xn  2897.1  Xl 

Xn  2941.4  * 

I Xn  2985.675 


„ o Xn  3123.15 

Xv  S *n  LH2  Tank  I/F 

Xn3082.0  * 

,c  I _.088  Nominal! 


12.00  Typ. 
5 Frs 


111. 


165.00  R 
ISL  (Ref) 


Skin/Stringer  Panel  XSection 


2.50 


-*i  r 


1.38 


Intertank  Weight 
NSTS  12152 
HLLV  14509 
1.5  Stage  76 


. 92  — ►]  \*+- 

Nominal  Stiffener  Detail 

1.5  Stage  Standalone  Intertank 

Additional  Information 

See  Doc  # MMC.NLS  .SR.00 1 Book  1 for  more  detailed  results. 
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Objective 

Study  the  commonality  between  HLLV,  1.5  Stage,  and  STS  Intemnks  and  recommend  degree  of 
commonality. 

Approach 

(a)  Develop  a "Standalone"  HLLV  intertank  config. 

(b)  Develop  a "Standalone"  1.5  Stage  intertank  config. 

(c)  Compare  "Standalone"  configs.  with  the  reference  intertanks 

(d)  Identify  the  level  of  part  commonality  between  HLLV,  1.5  Stage,  and  STS  mtertanks. 

(e)  Develop  weight  estimates  and  compare  to  reference. 

Groundrules 

Intertank  length  and  diameter  as  ET. 

Basic  panel  construction  similar  to  ET. 

Omit  all  requirements  for  SRB  attachment  on  1.5  Stage. 

Interfaces  and  penetrations  as  the  reference.  . 

Frame  locations  as  reference,  frames  may  be  omitted  or  reduced  in  size. 

Frame  depths  may  vary. 

Key  Study  Results 

produced  coasting  ET  tooling  with  minimal 

modifications. 

Conclusions 

, . . r.  f__  .u_  i « Stage  is  verv  attractive  due  to  the  significant  weight  savings 

A standalone  mtertank  for  the  1J  o g yy  Hi  I V and  1 5 Stage  intertanks  when 

methods,  tooling,  and  build  approach. 

Study  Recommendations 

(see  6.2. 5.4. 3). 
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Additional  Information 

Sec  Doc  # MMCNLS.SR.001  Book  1 for  more  detailed  results. 
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Stiffener  Pitch  Sensitivity  Study 


See  3-S-001 B Trade  Study  | 
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S.2.5.4.3  Stiffener 


Pitch  Sensitivity  Study  (#  3-S-009B) 


Objective 

Develop  the  intertank  weight  sensitivities  of  varying  pitch  and  stiffener  size. 


Approach 

?)  SS  S5S n vSZS » 1EEU1  weigh,  data  with  varying  shinger  pitch  and  axial 

c)  of  safety  u*d. 

d)  Produce  t bar  vs  pitch  sensititivities 

e)  Prepare  conclusions  and  recommendations 


Key  Study  Results 

The  current  hat  section  stringers  were f^e's^feg^s^on  the  reference 
optimize  stiffener  size  for  varying  P*  results  shows  that  an  optimum  occurs  at  a stringer 

configuration  was  used.  The  weig  ( ) ■ load  of  44001b/in.  However  the  optimum  stringer 

pitch  of  7.33  inches  for  an  axial  • *u  attachment  Range  width  to  provide  room  and 

r^tS^SSLL  ia  ineonSted  the  current 

reference  becomes  close  to  optimum. 

Conclusions 

Weight  sensitivity  data  was  generated  by  varying  ^ 0ptiinizc(j 

configuration  skin/hat  section  fabncated  constmcnon  However  modifications  to  produce 

loads. 

Recommendations 

5.2.5. 4.2 


Currant  Design 


Panda  II  Optimized  Design 
(Nx  > 4400  Ib/ln  ult) 


Panda  II  Optimized  Design 
(Nx  - 5200  Ib/ln  ult) 


Stringer  Spacing  s 7.33** 

Stringer  Spacing  » 7.33" 

Stringer  Spacing  * 10.0" 

Frame  Spacing  • 45.0" 

Frame  Spacing  ■ 45.0” 

Frame  Spacing  * 45.0" 

TbarsO.238" 


TbaraO.21" 


TbarzO.241 


Additional  Information 

Details  of  this  study  are  contained  in  Doc  #MMC.NLS.SR.001.Book  1 
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6.2.S.4.3  Stiffener 


Pitch  Sensitivity  Study  (#  3-S-009B) 


Objective 

Develop  the  inteitank  weigh,  sensitivities  of  varying  pitch  and  stiffener  size 


Approach 

«*»«  •*** puch  and  ““ 

.)  ^ru^^^aors  of  safety  used. 

d)  Produce  t bar  vs  pitch  sensititivmes 

e)  Prepare  conclusions  and  recommendations 

Key  Study  Results 

The  current  hat  section  stringers  were  used  “ the  ba^tine  on  the  reference 

optimize  stiffener  size  for  varying  pitch  and  o . ^ op?mum  occurs  at  a stringer 

configuration  was  used.  The  ^ght( ) joad  0f  44001b/in.  However  the  optimum  stringer 
pitch  of  7.33  inches  for  an  axial  comprcssion  load  1 width  to  provide  room  and 

is  >~d  - — 

reference  becomes  close  to  optimum. 

Conclusions 

Weight  sensitivity  data  ™ 

configuration  skin/hat  section  fabricated  cons  _ • However  modifications  to  produce 

loads. 

Recommendations 

s^^M^onfi^urations  tvhetf d^"min g^the  ^stand  S*U  s^e'SS' tM&'k  section 
6.2.S.4.2 


National  Launch  System  7/92  Cycle  Zero  Structures  Data  "Package  Page  2 


Intertank 
Nx  Vs  tbar 


re 

n 


Stringer  Stringer  Stringer 
Spacing  - Spacing  Spacing  * 


Stringer  Stringer 
Spacing  Spacing  - 


Nx  Ib/in 


4.0  ' 


*5.0  ' 


7.33 


.10.0  * 


12.0  ‘ 


Current  Design 

Panda  II  Optimized  Design 
(Nx  r 4400  Ib/in  ult) 

Panda  11  Optimized  Design 
(Nx  * 5200  Ib/ln  ult) 

Stringer  Spacing  « 7.33" 

Stringer  Spacing  ■ 7.33" 

Stringer  Spacing  « 10.0" 

Frame  Spacing  r 45.0" 

Frame  Spacing  = 45.0" 

Frame  Spacing  s 45.0“ 

TbarxO.238" 

TbarsO.21” 

Tbar-0.241 

Additional  Information 

Details  of  this  study  are  contained  in  Doc  #MMC.NLS.SR.001.Book  1 
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Ground  Rules  & Assumptions 3-S-01 0- A 

• Nominal  tank  configuration  as  per  MSFC  Cycle  0 definition 
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• Hydrostatic  proof  tost.  (Similar  to  the  ET.) 


Ullage  Pressure  Req't  vs.  Capability  3-S-010-A 
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Manufacturing  Impact  Assessment  3-S-010-A 

• Manufacturing  Impacts  of  Increased  Thicknesses 
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. Impacts  to  gore  stretch  form  tooling  for  ullage  pressures 
in  excess  of  50  psi. 


Issues  Identified  During  the  Study  3-S-01 0-A 
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5. 2.4. 4.3  L02  Tank  Sizing  vs.  Pressure  (3-S-010A) 

Objective 

This  trade  study  develops  the  impacts  to  the  L02  tank  pressure  shell  for  ullage  pressures  of  10  psig 
to  80  psig.  (The  baseline  ullage  pressure  is  30  psig). 


Approach 

(a)  Determine  pressure  capability  of  the  Reference  Configuration 

(b)  Assume  uniform  load  distribution  and  establish  critical  load  conditions 

(c)  Perform  analysis  to  determine  membrane  and  weld  land  thickness  requirements  for  pressures 
above  the  capability  of  the  Reference  Configuration 

(d)  Develop  weight  impacts  to  the  Reference  Configuration 

(e)  Evaluate  impact  to  manufacturing  for  increased  thickness 

(f)  Evaluate  whether  impacts  can  be  reduced  by  the  use  of  the  biaxial  yield  theory  and  frame  size 
reduction. 

(g)  Document  results  of  the  study  and  prepare  conclusions 


Options  Studied 

Ullage  pressures  in  10  psig  increments  from  10  psig  to  80  psig 
Key  Results 

The  weight  impacts  for  a specific  pressure  is  approximately  200  Lbs  per  psi.  Minor  tooling 
modifications  are  necessary  for  any  increase  in  ullage  pressure.  Major  tooling  impacts  occur  once 
ullage  pressures  exceed  40  psig.  There  is  a weight  reduction  to  the  LOX  tank  for  ullage  pressures 
below  30  psig.  Ullage  pressure  may  be  as  low  as  10  psig  before  the  weight  reduction  trend  ends. 
Since  the  shell  is  sized  for  the  proof  test,  a 300  Lbs.  to  400  Lbs.  reduction  to  the  weight  penalty 
may  be  realized  by  using  the  biaxial  yield  theory.  This  weight  reduction  is  limited  by  the  flight 
membrane  thickness  requirement 

Conclusions 

This  study  identified  the  weight  impacts  for  ullage  pressures  between  10  and  80  psig.  The  weight 
increase  is  fairly  linear  and  unbounded  for  increasing  ullage  pressures.  The  weight  reduction  is 
linear  and  bounded  for  decreasing  ullage  pressures. 


Recommendations 

Use  the  results  of  this  trade  as  an  input  to  the  propulsion  studies  of  engine  performance  vs.  ullage 
pressure. 
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Ullage  Pressure  [psig] 

Additional  Information 

See  Doc  #MMC.NLS.SR.001  .Book  1 for  more  detailed  results 
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6.2.4.4.3  L02  Tank  Sizing  vs.  Pressure  (3-S-010A) 

Objective 

This  trade  study  develops  the  impacts  to  the  L02  tank  pressure  shell  for  ullage  pressures  of  10  psig 
to  80  psig.  (The  baseline  ullage  pressure  is  30  psig). 

Approach 

(a)  Determine  pressure  capability  of  the  Reference  Configuration 

(b)  Assume  uniform  load  distribution  and  establish  critical  load  conditions 

(c)  Perform  analysis  to  determine  membrane  and  weld  land  thickness  requirements  for  pressures 
above  the  capability  of  the  Reference  Configuration 

(d)  Develop  weight  impacts  to  the  Reference  Configuration 

(e)  Evaluate  impact  to  manufacturing  for  increased  thickness 

(f)  Evaluate  whether  impacts  can  be  reduced  by  the  use  of  the  biaxial  yield  theory  and  frame  size 
reduction. 

(g)  Document  results  of  the  study  and  prepare  conclusions 


Options  Studied 

Ullage  pressures  in  10  psig  increments  from  10  psig  to  80  psig 


Key  Results 

The  weight  impacts  for  a specific  pressure  is  approximately  200  Lbs  per  psi.  Minor  tooling 
modifications  are  necessary  for  any  increase  in  ullage  pressure.  Major  tooling  impacts  occur  once 
ullage  pressures  exceed  40  psig.  There  is  a weight  reduction  to  the  LOX  tank  for  ullage  pressures 
below  30  psig.  Ullage  pressure  may  be  as  low  as  10  psig  before  the  weight  reduction  trend  ends. 
Since  the  shell  is  sized  for  the  proof  test,  a 300  Lbs.  to  400  Lbs.  reduction  to  the  weight  penalty 
may  be  realized  by  using  the  biaxial  yield  theory.  This  weight  reduction  is  limited  by  the  flight 
membrane  thickness  requirement 


Conclusions 


This  study  identified  the  weight  impacts  for  ullage  pressures  between  10  and  80  psig.  The  weight 
increase  is  fairly  linear  and  unbounded  for  increasing  ullage  pressures.  The  weight  reduction  is 
linear  and  bounded  for  decreasing  ullage  pressures. 

Recommendations 

Use  the  results  of  this  trade  as  an  input  to  the  propulsion  studies  of  engine  performance  vs.  ullage 
pressure. 
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Additional  Information 

See  Doc  #MMC.NLS.SR.001  .Book  1 for  more  detailed  results 
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S.2.4.4.4  Stiffener  Pitch  Sensitivity  Study  (#  3-S-010B) 
Objective 

Develop  the  L02  Tank  weight  sensitivities  of  varying  pitch  and  stiffener  size. 


Approach 

a)  Use  current  configurations  as  baseline  . . . 

b)  Use  the  Panda  II  program  to  produce  panel  weight  data  with  varying  stringer  pitch  and  axial 
loading  (lb  per  circumferential  inch) 

c)  Document  assumptions  made  and  factors  of  safety  used. 

d)  Produce  t bar  vs  pitch  sensititivitics 

e)  Prepare  conclusions  and  recommendations 

Key  Study  Results 


The  current  internal  T section  stringers  were  used  as  the  baseline  configuration  and  Panda  II  was 
used  to  optimize  stringer  size  for  varying  pitch  and  load.  Ring  frame  spacing  based  on  the 
reference  configuration  was  used.  The  weight  (tbar)  trend  shows  that  an  optimum  occurs  at  a 
stringer  pitch  of  4.0  inches  for  an  axial  compression  load  of 960  lb/inch. 


Conclusions 


weight  sensitivity  data  was  generated  by  varying  die  stringer  pitch  while  maintaining  the  reference 
configurations  integrally  machined  longitudinal  tee  stiffened  panel  approach.  The  Panda  II 
optimized  configuration  developed  offers  weight  savings  compared  to  the  baseline  configuration.  It 
does  however  require  a thicker  billet  and  closer  stiffener  pitch. 

Study  Recommendations 

Maintain  the  reference  configuration  L02  tank  barrel  configuration.  During  cycle  1,  study  an 
alternate  barrel  panel  with  reduced  stringer  spacing  and/or  varying  frame  spacing. 
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Additional  Information 


Details  of  this  study  are  contained  in  Doc  #MMC.NLS.SR.001.Book  1 
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6.2.4.4A  Stiffener  Pitch  Sensitivity  Study  (#  3-S-010B) 


Objective 

Develop  the  L02  Tank  weight  sensitivities  of  varying  pitch  and  stiffener  size. 


Approach 

a)  Use  current  configurations  as  baseline  . . . , , . , 

b)  Use  the  Panda  II  program  to  produce  panel  weight  data  with  varying  stringer  pitch  and  axial 

loading  Ob  per  circumferential  inch) 

c)  Document  assumptions  made  and  factors  of  safety  used. 

d)  Produce  t bar  vs  pitch  sensititivities 

e)  Prepare  conclusions  and  recommendations 


Key  Study  Results 

The  current  internal  T section  stringers  were  used  as  the  baseline  configuration  and  Panda  II  was 
used  to  optimize  stringer  size  for  varying  pitch  and  load.  Ring  frame  spacing  based  on  the 
reference  configuration  was  used.  The  weight  (tbar)  trend  shows  that  an  optimum  occurs  at  a 
stringer  pitch  of  4.0  inches  for  an  axial  compression  load  of 960  lb/inch. 


Conclusions 


Weight  sensitivity  data  was  generated  by  varying  the  stringer  pitch  while  maintaining  die  reference 
configurations  integrally  machined  longitudinal  tee  stiffened  panel  approach  The  Panda  II 
optimized  configuration  developed  offers  weight  savings  compared  to  the  baseline  configuration.  It 
does  however  require  a thicker  billet  and  closer  stiffener  pitch. 


Study  Recommendations 

Maintain  the  reference  configuration  L02  tank  barrel  configuration.  During  cycle  1,  study  an 
alternate  barrel  panel  with  reduced  stringer  spacing  and/or  varying  frame  spacing. 
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Lox  Tank 
Nx  Vs  Tbar 
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0.16" 
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Currant  Design 

Optimized  Design 
Nx*960  Ib/in 

Optimized  Design 
Nx=1345  Ib/ln 

Stringer  Spacing* 10.832" 

Stringer  Spacings4.0" 

Stringer  Spacing34.0" 

Frame  Spaclngs34.9" 

Frame  Spacing*34.9H 

Frame  Spacing=34.9" 

Tskins0.170 

TskirisO.067 

Tsklnz0.075 

TbarsO.1 93 

Tbars0.0963 

TbarsO.1 043 

Additional  Information 

Details  of  this  study  are  contained  in  Doc  #MMC.NLS.SR.001.Book  1 
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See  3-S-008D  Trade  Study 
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S.2.4.4.5  Alternate 
Objective 


Panel  Construction  (#CV-STR-015-C) 


methods  for  the  L02  tank  barrel  panels. 


Develop  and  evaluate  alternative  panel  construction 

Approach 

(a)  Define  a point  of  departure  & Identify  concept  options  for  skin  panels. 

(b)  Estimate  weight  deltas, producibility,  and  co 

(c)  Evaluate  options. 

(d)  Select  preferred  option. 

Options  Studied  - L02  Tank 


Option  1 
Option  2 
Option  3 
Option  4 

Option  5 
Option  6 
Option  7 


. Machine  Panel  With  Tee  Stiffeners  (Baseline) 
■ Machined  Blade-Stiffened  Panel 

- Machined  Waffle  Panel 

- Machined  Isogrid  Panel 

-Welded  Panel  . 

- Mechanically  Fastened  Stiffened  Panel 

- Extruded  Panel 


Key  Study  Results 

All  options  were  compared  to  the  Option  weight  and  was  the  5th 

^0^^  could  no.  be  performed  on  to  opooo 

due  to  insufficient  data. 

Conclusions 

Seven  altentadve  constnKdon 

excellent  synergism  with  ET  and  ^ ^^J^Hcaied  intermediate  frame  attachment.  Option  3 was 
due  to  poor  External  Tank  synCT^smandcoi^icated  additional  development 

KnSed  due  to  excessive  D^Eco^^uon4  of  eliminating  intermediate 

work,  may  be  an  attractive  i^thod  of  < ‘SceUwffwas  eliminated  due  to  excessive 

frames  and  weight.  Option  5 s -1ET  sy  J«P  ^cJaism,  but  was  also  eliminated  due  to  excessive 

i7‘ promising  of  all  me  if  the  technology  proves  <o  be 

feasible. 

Study  Recommendations 

Maintain  Option  1 as  BaseUne.  Condone  .0  study  dte  following  viable  alternative  destgns  dunng 
CyClC  1 : . Option  1 - M/C  panel  with  tee  stiffeners  (Baseline) 

- Option  4 -Machined  isogrid  panel. 

Follow  the  progress  and  development  of  Opuon 


National  Launch  System 


Cycle  Zero  Structures  Data  Packa 


Option  1 - Baseline  Panel  (P . O . D . ) 


•Machined  Panel  W/Tee-Stiffening. 
• Synergistic  W/  External  Tank. 
•Utilize*  Existing  ET  Processes 
And  Tooling. 

•Design  Consistent  Kith  Maximum 
Axial  Load. 


j ^ • Machined  Panel  W/  Blade-Stiffening. 

If  • May  Not  Utilize  ET  Processes 

If  And  Tooling. 

|J  • Design  Consistent  With  Maximum 

Mach. Blade-Stiff.  Panel  Load- 


Option  2 - 


Option  3 - Machined  Waffle  Panel 


• Machined  Waffle  Panel  W/  Long. 
Transv.  stiffening. 

• New  Processes  And  Tooling 
Required. 

• Designed  For  Maximum  Axial  & 
Bending  loading  Conditions. 


Option  6 - 


• Machined  Iso-Grid  Panel  With 
Multi-Directional  Stiffening. 

• New  Processes  And  Tooling 
Required. 

• Designed  For  Maximum  Bending 
Conditions  & Bi-Directional 
Loading. 

- Marhinsd  Iaoorid  Panel 


•Machined  Panel  With  Melded 
Extruded  Tee-Stiffening. 

•Similar  To  External  Tank. 

•New  Processes  And  Tooling  Required. 
•Design  Consistent  With  Maximum 
Panel  Axial  Load  Distribution. 


• Skin  With  Machined  Slots  To 

' ' Accept  Extrusions. 

II  • Extruded  Tee  Stiffeners. 

II  • HerhstilrsHy  Assembled. 

3 £■  ^ J • Mew  Processes  And  Tooling 

Mechanically  Fastened  Panel  Required. 


• Panels  Extruded  Through  Circular  Die 
(Stringers  Extruded  On  Outside  Of  Circle)  . 

1 \iJ * After  Panels  Are  Extruded  They  Are  Heated 
I I ***+'*>  And  Rolled  Out  Into  Flat  Panels  And 

Allowed  To  Cool. 

• Requires  35,000  Ton  Press. 

• Mew  Processes  And  Tooling  Required. 

Option  7 - Extruded  Panel 
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Alternate  Panel  Construction  (#CV-STR-015-C) 


Objective 
Develop  and  evaluate 


alternative  panel  construction  methods  for  the  L02  tank  barrel  panels. 


Approach 

(a)  Define  a point  of  departure  & Identify  concept  options  for  skin  panels. 

(b)  Estimate  weight  deltas.producibility,  and  cost. 

(c)  Evaluate  options. 

(d)  Select  preferred  option. 

Options  Studied  * L02  Tank 


Option  1 
Option  2 
Option  3 
Option  4 
Options 
Option  6 
Option  7 


. Machine  Panel  With  Tee  Stiffeners  (Baseline) 

- Machined  Blade-Stiffened  Panel 

- Machined  Waffle  Panel 

- Machined  Isogrid  Panel 
-Welded  Panel 

- Mechanically  Fastened  Stiffened  Panel 

- Extruded  Panel 


Key  Study  Results 

All  options  were  compared  to  the  Option  1 ^dghTand  was  the  5th 

Cmi  estimates  coukl  not  be  performed  on  thisopnon 

due  to  insufficient  data. 

Conclusions 

Seven  alternative  Optio^ w^climinated 

SSS5S 

eliminated  due  to  excessive  DpT&E  costs  OpDon  4.  ^fflou^^u  J ^ fotennediate 

work,  may  be  an  due  to  excessive 

frames  and  weight.  Option  5 s ET  ^ 8*,  rejsn,  but  was  also  eliminated  due  to  excessive 

DDT&E  costs.  Option  6 also  the  if  the  technology  proves  to  be 

DDT&E  costs.  Option  7 could  be  the  most  promising  m « 

feasible. 

Study  Recommendations 

Maintain  Option  1 as  Baseline.  Continue  to  study  the  following  viable  alternative  designs  during 
CydC  1 ' . Option  1 - M/C  panel  with  tee  stiffeners  (Baseline) 

- Option  4 -Machined  isogrid  panel. 

- Follow  the  progress  and  development  of  Opuon  7 
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de  Zero  Structures  Data  Package 


Option  1 - Baseline  Panel  (P.O.D.) 


Option  2 - Mach. Blade-Stiff . Panel 


-Machinad  Panel  W/Tsa-Stif f sning . 
•Synergistic  W/  Extarnal  Tank. 
•Utilizes  Existing  ET  Processes 
And  Tooling. 

•Design  Consistent  With  Maximum 
Axial  Load.  


• H* chined  Panel  W / Blada-Stif fening . 

• May  Not  Utilize  EX  Processes 
And  Tooling. 

• Design  Consistent  With  Maximum 
Axial  Load. 


Option  3 - 


• Machined  Waffle  Panel  W/  Long.  ( 
Trans v.  Stiffening. 

• Hew  Processes  And  Tooling 
Required. 

• Designed  Tor  Maximum  Axial  & 
Bending  Loading  Conditions. 

Machined  Waffle  Panel 


• Machined  Iso-Grid  Panel  With 
Multi-Directional  Stiffening . 

• Hew  Processes  And  Tooling 
Required. 

• Designed  For  Maximum  Bending 
Conditions  t Bi-Directional 
Loading. 


d Panel 


•Machined  Panel  With  Welded 
Extruded  Tee-Stiffening . 

•Similar  To  External  Tank. 

•Hew  Processes  And  Tooling  Required. 
•Design  Consistent  With  Maximum 
Axial  Load  Distribution. 


__  - Skin  With  Machined  Slots  To 

■"UP"  '-*7-'“=’  Accept  Extrusions . 

I • Extruded  Tee  Stiffeners. 

1 • Marhan1n1ny  Assembled. 

p—  "1  d ^ • Hew  Processes  And  Tooling 

Option  6 - Mechanically  Fastened  Panel  Rsgulred. 


. (u.ii  Extruded  Through  Circular  Die 
(Stringers  Extruded  On  Outside  Of  Circle)  . 
/U  . After  Panels  Are  Extruded  They  Are  Seated 

If And  Rolled  Out  Into  Flat  Panels  And 

Allowed  To  Cool. 

. Ra quires  35,000  Ton  Press. 

. ne.  processes  And  Tooling  Required. 

Option  7 - Extruded  Panel 


Additional  Information 

See  Doc  # MMC.NLS  .SR.00 1 .Book  1 for  more  detailed  results. 


189 


I 


THIS  PAGE  INTENTIONALLY  LEFT  BLANK 


190 


CO 


I 


CO 


0) 

o 


PRECEDING  PAGE  BLANK  NOT  FILMED 


WTWIONMU 


CO 

E 

E 

(75 

cc 


c 

o 

co 

C t- 

5 cvj 

O O 

H 9 

< En 

^ 51 

CD  ^ 

ii. 


o> 

o> 


00 


CO 


0)  CO 

cc  o 


to 

co 

co 

< 

Q 


191 


co 

co 

0) 

CO 

CO 

0) 

3 

< 

O) 

O" 

o 

a 

c 

o 

c 

■ ■H 

Q. 

c 

0) 

■« 

To 

E 

CO 

IM 

CO  3 

m o> 
1 1 
O 


o 

CM 

o O 

H cc 


c o 

^ w 
.2  o> 

"O  c 

3 5 
55  q 

i « 

® o ~ 

> »f  C 

■gi  s 

0>  CL  O 

s • °- 

o 


c 5 s 

To  £ ’55 

CD  JS  CO 
“ CD  O 

£ £ LL 

O)  t-  0> 
C g)  £ 
<D  C l_ 

-j  a>  rr 


o ^ 
co  co 
O co 


0)  < 

i <n 

■5« 

O"  CO 
a>  i— 
CC  . 


3 To 

II 

co  ^ r 
C 0)  co 
OoQ. 

CO  w 
CO  « > 

o (/)  *J 

= in  j 

& ■ i- 


w c 

a>  E 

co  co 

I ^ 
2? 
Is 


192 


• Prepare  Conclusions  & Recommendations 

• Identify  Potential  Cycle  1 Tasks 
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Unique  Baffle  Configurations  3-S-01 1 
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1 % 1 .5  Stage  Slosh  Baffle  Conf . 3-S-011 

• Reference  Common  Core  Configuration 

Xn  2571.60  Xn  2711.30  Xn  2851.00 
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• Weight  Impact  -492  lbs  From  Reference 
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4%  HLLV  Tank  Slosh  Baffle 3-S-01 1 

• Unique  HLLV  Configuration 
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• Weight  Impact  -526  lbs  From  Reference  4%  Configuration 
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. Weight  Impact  -417  lbs  From  Reference  4%  Configuration 
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S.2.4.4.6  Alternate  Slosh  Baffles(#3-S-011) 


Objective 

Perform  studies  on  the  L02  tank  slosh  baffle  to  assess  potential  changes  to  the  reference 
configuration. 


Approach 


(a)  Evaluate  sensitivity  of  the  slosh  damping  requirement 
fbl  Assess  a common  baffle  with  unique  applications. 

(c)  Assess  the  feasibility  of  integral  baffles  using  L02  tank  frames. 


Options  Studied 

(a)  1%  vs  4%  Slosh  damping  requirement 

(b)  HLLV  vs  1.5  Stage  configurations. 

(c)  Integral  baffle  concept 

Key  Study  Results 

The  reference  was  den^to  mea^ 

weight  impact  of  535  lbs.  The  « 1^  “ gSff  by  omidng  the  two  forwari 

weight  saving  can  be  achievedon  the  less  cncu^ffli-  mote  efficient  design  could  be 

baffles.  By  integrating  the  baffles  with  I ^ design  would® reduce  the 

^^of^P2dSS*^Sil  baffle  assembly  tooling  position  and  the  baffle  insemon 
operation. 

Conclusions 

Baffle  damping  requimments  sign^feM^  i^h  ^““s'srage  slosh 

“"^‘ta^Sd^^es^^Tbe  an  attraedve  proposition  for  an 
alternative  design. 

Study  Recommendations 

During  Cycle  1 finalize  the  damping  reqmmmem  and 

255S35Sa  '2SGS&&2* *™g  1 » wtigh‘ savinssa,vi 

SKhJimpacts  for  an  integral  baffle  and  faune  design. 


National  Launch  System  7/92  Cycle  Zero  Structures  Data  Package  Fage2 


Xn  2571.60 


Xn  2851.00 


■32.00 


Aft  Dome 
Baffles 


314.0 
Across  Flats 


FWD 
Anti -Vortex 
25.88-,  Baffle 


36.00 


4%  Reqmt 


Baffle  Weight 
2880  lbs 


1%  Reqmt 


Baffle  Weight 
2345  lbs 


1%  • 4%  Slosh  Baffle  Compariskm 


Xn  2571.60 


1.5  Stage 
Config. 

Baffle  Weight 
2880  lbs 


Baffle  Weight 
2463  lbs 


4%  1.5  Stage  - HLLV  Configuration  Comparision 


Additional  Information 

See  Doc  # MMC.NLS.SR.001  Book  1 for  more  detailed  results. 
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6.2.4.4.6  Alternate  Slosh  Baffles(#3-S-011) 

Objective 

Perform  studies  on  the  L02  tank  slosh  baffle  to  assess  potential  changes  to  the  reference 
configuration. 

Approach 

(a)  Evaluate  sensitivity  of  the  slosh  damping  requirement. 

(b)  Assess  a common  baffle  with  unique  applications. 

(c)  Assess  the  feasibility  of  integral  baffles  using  L02  tank  frames. 

Options  Studied 

(a)  1%  vs  4%  Slosh  damping  requirement. 

(b)  HLLV  vs  1.5  Stage  configurations. 

(c)  Integral  baffle  concept. 

Key  Study  Results 

The  reference  was  designed  to  meet  a 1*  damprng 

that  4%  may  be  required.  A 4%  damping  cap  to  aft  dome  for  an  overall 

additional  _»««*  miration  is  required  for  1.5  Stage,  a 400-500  lbs  of 


baffles.  By  integrating  the  baffles  with  tne  imennemaic  — — fgn  would  reduce  the 

baffle  assembly  moling  position  »nd  the  baffle  insertion 

operation. 

Conclusions 

Baffle  damping  requirements  confi^ratim  Ss°driten  ™l'.5  Sage  slosh 

» "•  propos'‘'°"  ,or " 

alternative  design. 

Study  Recommendations 

During  Cycle  1 finalise  the « «lgi^“£^ 

JSISSSa  studyshcadd  be  perfo^dunngCycle  1 m define  tite  weigh,  savrngs  and 
manufacturing  impacts  for  an  integral  baffle  and  frame  design. 


National  Launch  System  U92  Cycle  Zero  Structures  Data  Package  Page  2 


Xn  2571.60 


Xn  2851.00 


1.5  Stage 
Conf ig. 


Baffle  Weight 
2880  lbs 


HLLV  Config. 


Baffle  Weight 
2463  lbs 


4%  1.5  Stage  - HLLV  Configuration  Comparision 


Additional  Information 

Sec  Doc  # MMC.NLS.SR.001  Book  1 for  more  detailed  results. 
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NLS  Core  Tank  Access  Reqmts  Sum(Cont)  cv-di-qi-a 

Purina  Build  At  MAF  - Based  On  ET  Capability 
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Horizontal  Position  pwcj  L02/LH2  Sensor  Mast  Installation 
(After  Tank  Stacking) 
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Purina  Cleaning  .TPS  Application  And  Final  Assv 
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Final  Assy  (Horizontal)  Fwd  Sensor  Mast  Instl 
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Conclusions  And  Recommendations  cv-di-oi-a 
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5.2.4.4.2  Tank  Access  Trade  Study(#CV-DI-01-A) 

Objective 

•This  trade  audy^uaKKl  manhole  in  the 

foSX^s  of  tol  Slan^  LH2  Tanks.  No  manholes  are  pmvided  in  «he  aft  domes. 

Approach 

(a)  Investigate  STS  ET  access  capability 

(b)  Research  actual  tank  access  lustory  at  K.SC 

(c)  Evaluate  need  for  access  during  build  at  MAr 
Cd)  Develop  NLS  Tank  access  requirements 

(e)  Develop  and  evaluate  options  for  providing  access 

Options  Studied  - L02  Tank 

2 ’ Relocate  ^wdManhole  to  ET  loetn relocate  F/L's;  Add  30in  0 M/hole  in  Aft  Cap 
4 1 “ £d  " £ ET  ^SKLw.  in  Aft  Cap 

Options  Studied  - LH2  Tank  (Reference  only) 

Key  Study  Results  KSCfall  on  first  30  tanks).  MIL-STD-1472  specifies  that 

24  tank  entries  were  made  on  ET  at  KSU(aii  “ *¥*  .,  • iy0in  x 26in  and  is  removed  thru 

minimum  manhole  size  is  30  inches.  Exi^g  similar  access  requirements  to  ET  are 

fwd  dome.  This  requires  a 36  in  da  hole.  to  same  location  on  ET 

&£&*■  Locution  is  primarily  driven  by  cleaning 
probe'  insertion  in  Ceil  E.  KSC  access  is  contingency  only. 

Conclusions  tion  toe  NLS  to  be  manufactured  using  ET 

S 25 fi«E?  Rto  llSSte  internal  access  at  MAF  and  conongcncy  access  at  KSC. 

Study  Recommendations  rwi^nroTankl  Perform  a feasibility  study  to  evaluate 

^ — * <s“  “A4'1) 


National  Launch  System  1/92 


tructures  Data  Package 


36  in  dia  manhole  at 
this  location  on  both 
L02  & LH2  tanks 
(No  manhole  in 
either  aft  dome) 


NLS  Cycle  0 Baseline 


mm 


F/L  Outlets 


L02  Fwd  Dome 


L02  Aft  Dome 


^■1 
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National  Launch  S 


S.2.6.4.2  Tank  Access  Trade  Study(#CV-DI-01-A) 

Objective 

SSS»  rfh2So^ 1«  Tanks.  No  manholes  am  pmvided  in  the  aft  domes. 
Approach 

(a)  Investigate  STS  ET  access  capability 

(b)  Research  actual  tank  access  history  at 

(c)  Evaluate  need  for  access  during  build  at  MAF 

(d)  Develop  NLS  Tank  access  requirements 

(e)  Develop  and  evaluate  options  for  providing  access 

Options  Studied  • LH2  Tank 

Option  1 - Cycle  0 Baseline  location  & make  Aft  LH2  tank  sump  removable 

Options  Studied  - L02  Tank  (Reference  only) 

2 " S^amlSvLhole  to  ET  loom.;  relocate  F/Ls  add  30b.  0 M/hote  in  Aft  Cap 
4 &££  Fwd  S m -5  SSLhoic  in  Aft  Cap 

Key  Study  Results 

Am  nr,  pt  «t  v’cnfall  on  first  30  tanks).  MIL- STD- 1472  specifies  that 
24  tank  entries  were  madeonCTat  KSC(aU  ^ Jan  x 26in  and  is  removed  thru 

£ a*  same  facilities  locadoo  is  primaily  driven  by  oleanmg 
probe  insertion  in  Cell  E.  KSC  access  is  contingency  only. 

Conclusions 

2sg  BSE?  if 

Study  Recommendations 
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See  Doc  # MMCNLS.SR.001. Book  1 for  more  detailed  results. 
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6.2. 4. 4. 2 Tank  Access  Trade  Study(#CV-DI-01-A) 


Objective 


This  trade  study  evaluated 

^SsCo^ofaud^Cs0  Wholes  are  provided  in  the  aft  domes. 


Approach 

(a)  Investigate  STS  ET  access  capability 

(b)  Research  actual  tank  access  history  at  KSC 

(c)  Evaluate  need  for  access  during  build  at  MAF 

(d)  Develop  NLS  Tank  access  requirements 

(e)  Develop  and  evaluate  options  for  providing  access 

Options  Studied  - L02  Tank 


2K  2 RetoK  F^dV^thole  to  ET  loco. relocate  F/L's;  Add  30in  0 Whole  in  Aft  Cap 

4 : uEZ  Fwd  EKle  E 1?  /SSSnhlle  in  Aft  Cap 


Options  Studied  - LH2  Tank  (Reference  only) 


Key  Study  Results  ircrrnll  on  first  30  tanks).  MIL-STD-1472  specifies  that 

24  tank  entnes  were  made  on  E^  KSgaU  cm  f ^ x 26in  md  is  rcm0ved  thru 

EKE.' ™SiK? 36 India hole  toU»*MAF  ^access £ 

S samefacilides.  Location  is  primarily  driven  by  cleaning 
probe  insertion  in  Cell  E.  KSC  access  is  contingency  only. 

Conclusions  . . . ti  Uows  ^ NLS  to  be  manufactured  using  ET 

saa  a ess1  tr£^&ssr.£z 

Study  Recommendations  . ,n  m Tank'>  perform  a feasibility  study  to  evaluate 

- outside*  (see  6.2.6.4.1) 


See  Doc#  MMC.NLS.SR.001.Book  1 for  more  detailed  results 
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6. 2. 6.4. 2 Tank  Access 


Trade  Study(#CV-DI-01-A) 


Objective 

This  trade  »u^y  evaluated  in  the 

SSES SoSSof  J U12  Tanks.  No  manhoies  are  provided  tn  dte  aft  domes. 

Approach 

(a)  Investigate  STS  ET  access  capability 

(b)  Research  actual  tank  access  history  at  KM-. 

(c)  Evaluate  need  for  access  during  build  at  MAF 

(d)  Develop  NLS  Tank  access  requirements 

(e)  Develop  and  evaluate  options  for  providing  access 

Options  Studied  - LH2  Tank 

Options  Studied  - L02  Tank  (Reference  only) 

$r„  i ■-  “ If  S-:  SSS" Aft  apr 


Key  Study  Results 

, _ TIT  at  K*C(z\l  on  first  30  tanks).  MIL-STD-1472  specifies  that 
24  tank  entries  were  made  on  ET  at  KSC(  mandrel  is  ??jn  x 26in  and  is  removed  thru 

minimum  manhole  size  is  30  inches,  xisng  similar  access  requirements  to  ET  are 

fwd  dome.  This  requires  a 36  in  (ha  hole,  for buM  at  ^ ^ ^ location  0„ 

required.  This  requires  a manhole  m each  primarily  driven  by  cleaning 

ET  & NLS  as  tanks  arc  processed  thru  the  same  tacuines.i^uuu  v 
prate  insertion  in  Cell  E.  KSC  access  is  contingency  only. 


Conclusions 

t a (nr  thr  T H2  tank  This  option  allows  the  NLS  to  be  manufactured  using  E 
Sung  IS  l£S  K^viSfibr  internal  access  a,  MAF  and  condngency  access  at  KSC. 

Study  Recommendations 


ational  Launch  System  H92  Cycle  Zero  Structures  Data  Package  Page  2 


36  in  dia  manhole  at 
this  location  on  both 
L02  & LH2  tanks 
(No  manhole  in 
either  aft  dome) 


NLS  Cycle  0 Baseline 
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Update  to  NLS  Cycl 
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Transporter  Comparison  cv  - di  -oib 
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Handling  Loads  - Final  assembly cv-di-oib 
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Handling  Loads  - Hoist  at  KSC  VAB  cv  - pi  - oib 

?™SiXik  *V4  ^ Hoisting  load  factors  458217  ib  uit 
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Conclusions  and  Recommendations  cv  - di  -01  b 
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MANNED  SPACE  SYSTEMS 


5.2.1.4.7  Alt.  Trans  Attach  Points  (#CV-DI-01B) 

Objective 

Evaluate  whether  the  Core  Stage  can  be  handled  and  transported  when  supported  using  an  alternate 
transportation  approach. 

Approach 

(a)  Detemnne  manufacturing  preference  for  com  tankage  andcom  stage  handling  and 

(b>  STSUing  loads  for  e»*  step  of  assembly.hoisdng  and  tnmsponmion. 

(c)  Assess  impact  on  core  tankage  design. 

(d)  Prepare  conclusions  and  recommendations. 

Options  Studied 

^ : la^  “ module. 

Key  Study  Results 

, . . fnr  ne  (vv)  ih  max  standard  weight  ET.  It  was  concluded  that 

the  163!000  lb  Core  sage.  Therefore  this  task  concentrated  on 

the  option  (2)  alternate  support 

Conclusions 

Study  Recommendations 

(a)  Adopt  hardware  on  1.5stage I/T 


New  transporter  needed: 

• Heaviervehicle 

• Longer  vehicle 

• lower  vehicle  clearence  for  roll  rings. (roll  rings 
are  needed  to  provide  access  to  pod  engines) 


Additional  Information 

See  Doc  # MMGNLS.SR.001  Rook  1 for  more  detailed  results 
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Objective 

Evaluate  whether  the  Core  Stage  can  be  handled  and  transported  when  supported  using  an  alternate 
transportation  approach. 

Approach 

(a)  Determine  manufacturing  preference  for  core  tankage  andcore  stage  handling  and 

(b)  SfKtodling  loads  for  each  step  of  assembly^.™ sting  and  transportation. 

(c)  Assess  impact  on  core  tankage  design. 

(d)  Prepare  conclusions  and  recommendations. 

Options  Studied 

i - Support  S 
Key  Study  Results 

the  option  (2)  alternate  support. 

Conclusions 

Study  Recommendations 

Pjumitc  Pm#  Tankaec  and  Core  Stage  transportation  and  handling. 

(b)  Define  wS  £££££  te  preferred8.**™  of  dre  . transported  nng. 
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Groundrules  & Assumptions  CV-STR-14A 

Ground  Rules 
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Common  Skirt  For  1.5  Stage  And  HLLV 


Reference  Geometry  Definition  CV-STR-1 4A 

- From  NLS  Reference  Layout  NLS  -0008  08/27/91 
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Recommended  Changes 
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ACG92014  MANNED  SPACE  SYSTEMS 


Reference  Fwd  l/F  Attach't  CV-STR-1 4A 


289 


MANNED  SPACE  SYSTEMS 


Options  Studied 


!VIjC\  A?  TIN  rVf/X  EtlETT** 


Option  1 - External  l/F  CV-STR-14A 
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Option  3 - Internal  l/F  CV-STR-1 4A 
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Option  5 - Cylindrical  Ext  l/F  CV-STR-1 4A 
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MANNED  SPACE  SYSTEMS 


G02  P/L  Aperture 


t/_LJL3 ! & tflAJ  NIJL& 


G02  P/L  Penetration CV-STR-1 4A 

Panel  #3  - NLS  Ref  Convfiguration 
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G02  P/L  Penetration  CV-STR-14A 
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MANNED  SPACE  SYSTEMS 


CV-STR-1 4A 
Aooendix  3 
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ACG92014  manned  space  ^"'STEMS 


Stringer  Pitch CV-STR-14A 

Conclusion 
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CV-STR-1 4A 
Appendix  4 
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Use  Of  ET  Tooling  In  F/S  Build  CV-STR-1 4A 

Study  Results 
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Use  Of  ET  Tooling  In  F/S  Build  CV-STR-1 4A 

Conclusions 

* ET  Tooling  Can  Be  Used  For  Some  Aspects  Of  The  Fwd  Skirt 
Build 
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CV-STR-1 4A 

Appendix  5 
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No  TPS  Impacts CV-STR-1 4A 

Issue 
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Fwd  Skirt  Sructural  Definition  CV-STR-1 4A 

Shell  Definition 


00 

o> 

<0 

in 

CM  Q. 


Sigp 

Mia 


M- 


o + 
o T 


E--L  - 


- -N 

8 + 


O = 4=  » 

O.S>o  ® 

tec  (BN 

(0  O < Q.  ■ 

0-0  i , 


Q ■ 

O 


I 

o 
— o 

CO 


C 

ill* 

s® 


317 


MANNED  SPACE  SYSTEMS 


318 


F/Skirt  Aft  Chord  & Frame  Def'n  CV-STR-14A 

Part!  THte  'S  iLw  I Remarks 
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5. 2. 3. 4.1  Forward  Skirt  Trade  Study  (#CV-STR-14A) 

Objective 

The  study  evaluated  enhancements  to  the  Cycle  0 Reference  Forward  Skirt  structure  and 
recommended  potential  modifications. 

Approach 

(a)  Obtain  Forward  Skirt  detail  definition  from  MSFC. 

(b)  Define,  evaluate  and  analyze  selected  study  items. 

(c)  Identify  recommended  changes  to  Ref.configuration. 

(d)  Produce  Forward  Skirt  part  definition. 

(e)  Identify  candidates  for  further  study. 

Items  Studied 

Item  1 - Alternate  Fwd  Skirt  to  Interstage  I/F  concept 
Item  2 - Shell  penetration  definition. 

Item  3 • Potential  use  of  ET  tooling  to  build  Fwd.  Skirt. 

Item  4 - Stringer  pitch  dimensioning  approach. 

Item  5 - Sizing  changes  and  impact  of  no  TPS. 

Item  6 - Fwd  Skirt  part  definition. 

Key  Study  Results 

Five  I/F’s  were  developed  and  compared  with  the  Reference  configuration.  Option  1 with  its 
external  fastener  installation  and  good  joint  integrity  is  preferred.  It  is  the  lightest  option  and 
reduces  weight  by  443  lbs. 

Shell  penetrations  for  G02  Pressline,  cabletray  and  G02  vent  were  investigated.  Cabletray  and 
G02  Pressline  penetrations  interfere  with  the  intermediate  frame.and  require  relocating  1.0  inch 
forward. 

The  Fwd  Skirt  structure  can  be  manufactured  on  ET  intertank  tooling  with  the  addition  of  one  new 
tool  for  tacking  and  final  assembly  (ref  5.2. 1.4.3). 

Part  sizing  analysis  showed  a weight  saving  of  157  lbs  by  substituting  an  alternate  aft  I/F  chord: 
analysis  indicated  a weight  impact  of  764  lbs  if  the  structure  is  sized  as  a heatsink  to  withstand 
aeroheating  without  use  of  TPS  (ref  5.2. 1.4.2). 

Conclusions 

Several  enhancements  to  the  Cycle  0 Fwd  Skirt  structure  definition  were  studied.  Incorporation  of 
these  enhancements  will  reduce  weight  by  600  lbs  and  improve  producibility.  In  addition,  the 
potential  use  of  ET  Intertank  tooling  for  Fwd  Skirt  fabrication  was  confirmed. 

Study  Recommendations 

The  Reference  definition  should  be  revised  to  reflect  the  enhancements  proposed  in  this  study. 
Determine  if  an  external  VF  flange  is  acceptable  from  a aeroheating  aspect. 

Incorporate  external  I/F  between  Fwd  Skirt  and  Interstage  (Cycle  1 Task). 

Incorporate  relocated  C/T  and  G02  Pressline  penetrations. 

Substitute  alternate  aft  chord. 

Incorporate  1"  of  TPS  on  Fwd  Skirt  acreage. 
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6. 2. 3. 4.1  Forward  Skirt  Trade  Study  (#CV-STR-14A) 

Objective 

The  study  evaluated  enhancements  to  the  Cycle  0 Reference  Forward  Skirt  structure  and 
recommended  potential  modifications. 

Approach 

(a)  Obtain  Forward  Skirt  detail  definition  from  MSFC. 

(b)  Define,  evaluate  and  analyze  selected  study  items. 

(c)  Identify  recommended  changes  to  Reconfiguration. 

(d)  Produce  Forward  Skirt  part  definition. 

(e)  Identify  candidates  for  further  study. 

Items  Studied 

Item  1 - Alternate  Fwd  Skirt  to  Interstage  I/F  concept. 

Item  2 - Shell  penetration  definition. 

Item  3 - Potential  use  of  ET  tooling  to  build  Fwd.  Skirt. 

Item  4 - Stringer  pitch  dimensioning  approach. 

Item  5 - Sizing  changes  and  impact  of  no  TPS. 

Item  6 - Fwd  Skirt  part  definition. 

Key  Study  Results 

Five  I/F’s  were  developed  and  compared  with  the  Reference  configuration.  Option  1 with  its 
external  fastener  installation  and  good  joint  integrity  is  preferred.  It  is  the  lightest  option  and 
reduces  weight  by  443  lbs. 

Shell  penetrations  for  G02  Pressline,  cabletray  and  G02  vent  were  investigated.  Cabletray  and 
G02  Pressline  penetrations  interfere  with  the  intermediate  frame.and  require  relocating  1.0  inch 
forward. 

The  Fwd  Skirt  structure  can  be  manufactured  on  ET  intertank  tooling  with  the  addition  of  one  new 
tool  for  tacking  and  final  assembly  (ref  6.2. 1.4.3). 

Part  sizing  analysis  showed  a weight  saving  of  157  lbs  by  substituting  an  alternate  aft  I/F  chord: 
analysis  indicated  a weight  impact  of  764  lbs  if  the  structure  is  sized  as  a heatsink  to  withstand 
aeroheating  without  use  of  TPS  (ref  6.2. 1.4.2). 

Conclusions 

Several  enhancements  to  the  Cycle  0 Fwd  Skirt  structure  definition  were  studied.  Incorporation  of 
these  enhancements  will  reduce  weight  by  600  lbs  and  improve  producibility.  In  addition,  the 
potential  use  of  ET  Intertank  tooling  for  Fwd  Skirt  fabrication  was  confirmed. 

Study  Recommendations 

The  Reference  definition  should  be  revised  to  reflect  the  enhancements  proposed  in  this  study. 
Determine  if  an  external  I/F  flange  is  acceptable  from  a aeroheating  aspect. 

Incorporate  external  I/F  between  Fwd  Skirt  and  Interstage  (Cycle  1 Task). 

Incorporate  relocated  C/T  and  G02  Pressline  penetrations. 

Substitute  alternate  aft  chord. 

Incorporate  1 " of  TPS  on  Fwd  Skirt  acreage. 
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Groundrules  & Approach CV-STR-14B 

Groundrules 

• Tank  Structure  Definition  Per  MSFC  Reference 
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Recommended  Changes CV-STR-1 4B 


Weight  Impacts  Include  8%  Contingency 
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Alt.  Fwd  Dome  Chord  & Frame  CV-STR-14B 

Modified  Geometry* 


Appendix  1 As  Illustrated 
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Damping  Criteria CV-STR-14B 

> For  This  Study  Current  ET  Damping  Requirements 
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ET  Baffle  Definition  CV-STR-14B 
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Opt  2 - Extended  ET  Type  Baffles  CV-STR-14B 

• Extended  Length  And  Reduced  Across  Flats 

Fwd  Barrel  0 M . , 6.0  Intermediate  Frame 


Provides  For  Reference  Intermediate  Frames 
Across  Flats  Reduced  From  322.24 
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Increased  Weights  Incl  8%  Contingency 

Baffle  Requirements  Based  On  NSTS  Requirements 
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External  H/W  Mtg  Provisions  CV-STR-14B 

• Cable  Tray  & Pressure  Line  Interfaces 
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External  H/W  Mtg  Provisions  CV-STR-1 4B 

L02  cable  Tray  Press  Modify  Thes  Dome  Gores 

\Line  r ,D  +z  To  Provide  Mtg  Provisions 
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Aft  Chord/Barrel  Mismatch  CV-STR-14B 
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L02  Tank  Shell  Definition CV-STR-14B 

Part  Configuration  ifi  ifi  Intermediate  Frames  (6) 
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Candidate  Items  For  Cycle  1 CV-STR-14B 

• Resize  The  L02  Tank  Based  On: 
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5.2.4.4.1  Reference  L02  Tank  Enhancements(#CV-STR-14B) 

Objective 

This  study  evaluated  enhancements  to  the  Cycle  0 Reference  L02  Tank  structure  and 
recommended  potential  modifications 

Approach 

(a)  Identify  potential  Study  Items. 

(b)  Define,  evaluate  and  analyze  selected  Study  It|ms- 

(c)  Identify  recommended  changes  to  the  ref.Configuration. 

(d)  Produce  L02  Tank  Part  Definition. 

(e)  Identify  candidates  for  study  during  Cycle  l. 

Items  Studied 

Item  1 - Revised  barrel  and  frame  geometry. 

Item  2 - Alternate  forward  dome  chord  and  frame. 

Item  3 - Reference  Slosh  Baffle  definition. 

Item  4 - Anti-Vortex  Baffle  definition.  . . 

Item  5 - Definition  of  external  hardware  mounting  provisions. 

Item  6 - Chord  to  barrel  weld  land  mismatch. 

Item  7 - Reference  part  definition. 

Key  Study  Results 

The  forward  dome  chord  and  fram* o^S^TS^iWy^^t^dde^  1%  damping  required 

Conclusions 
The  Cycle  0 definition 

common  parts  from  the  NLS  LH2  tank.  LUZ  tanx  weigni NLS  and L02  tank  sizing 

<*  P"  « ET  “O'1"*  Wi,h  ,he 

modifications  already  identified. 

Study  Recommendations 

The  reference  Cycle  0 definition  should  be  revised  to  reflect  the  enhancements  proposed  in  this 

StlX^'  . Revise  reference  definition  to  use  aft  chord  & frame  m fcrwaid  location. 

- Revise  reference  slosh  baffle  to  proposed  full  length  configuration, 

include  oroDosed  Anti-Vortex  Baffle  definition.  . 

*.  ^o^ratttfwproposed  definition  of  external  hardware  mtg.  provisions. 

- Increase  barrel  weld  land  at  dome  chord  wekls  to  .387. 
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National  Launch  System  H92  Cycle  Zero  Structures  Data  Package  Page  2 


I-* — 10. 

I Vn  « 


Xn  2576 


.55 


Xn  2571.30 


.1.  i 

21. 

I I 


Varies 
10.00  To 
21.75 


Reference  FWD  Dome  Chord 


Fr  Moved  To 
Fwd  Face 


10.00 

Constant 

.J 


Proposed  FWD  Dome  Chord 


| 25.88 
Xn  2571.60 


314.0 

Across  Flats 


Xn  2851.00 


Proposed  1%  Slosh  Baffle  Assembly 


80.0 


33.0 


20.0 

Outlet 


Anti-Vortex 


L02  Aft  Dome 


Baffle  Assy 
Proposed  Anti-Vonex  Baffle  Assembly 


Additional  Information 


Sec  Doc  # MMC.NLS.SR.001  Book  1 for  more  detailed  results. 
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6.2.4.4.1  Reference  L02  Tank  Enhancements(#CV-STR-14B) 


Objective 

This  study  evaluated  enhancements  to  the  Cycle  0 Reference  L02  Tank  structure  and 
recommended  potential  modifications 

Approach 

(a)  Identify  potential  Study  Items.  _ 

(b)  Define,  evaluate  and  analyze  selected  Study  Items. 

(c)  Identify  recommended  changes  to  the  ref. Configuration. 

(d)  Produce  L02  Tank  Part  Definition. 

(e)  Identify  candidates  for  study  during  Cycle  1. 

Items  Studied 


Item  1 - Revised  barrel  and  frame  geometry. 

Item  2 - Alternate  forward  dome  chord  and  frame. 

Item  3 - Reference  Slosh  Baffle  definition. 

Item  4 - Anti-Vortex  Baffle  definition. 

Item  5 - Definition  of  external  hardware  mounting  provisions. 
Item  6 - Chord  to  barrel  weld  land  mismatch. 

Item  7 - Reference  part  definition. 


Key  Study  Results 

mamm is 


Conclusions 

T„c  Cycle  0 definition 

modifications  already  identified. 

Study  Recommendations 

The  reference  Cycle  0 definition  should  be  revised  to  reflect  the  enhancements  proposed  in  this 

StU<ly:  - Revise  reference  definition  to  use  aft  chord  & frame  in  forward  location. 

- Revise  reference  slosh  baffle  to  proposed  full  length  configuration. 

- include  proposed  Anti-Vortex  Baffle  definition. 

- Incorporate  the  proposed  definition  of  external  hardware  mtg.  provisions. 

- Increase  barrel  weld  land  at  dome  chord  welds  to  .387. 


Rational  Launch  System  1/92  Cycle  Zero  Structured  Data  Package  Page  2 


Baffle  Assy 
Proposed  Anti -Vortex  Baffle  Assembly 

Additional  Information 

See  Doc  # MMC.NLS.SR.001  Book  1 for  more  detailed  results. 
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Groundrules CV-STR-1 4C 

Groundrules 
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Intertank  Geometry CV-STR-1 4C 

• From  NLS  Reference  System  Definition,  May  91 
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Potential  Study  Items C V-STR-1 4C 

• Frame  Mods  Due  To  SRB  Beam  Omittance  For  1.5  Stage 

* Shell  Penetrations  Definition 
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Groundrules  & Options CV-STR-1 4C 

Groundrules 

• Intertank/Core  Handling  Will  Not  Be  At  SRB  Ftg 
Interface  As  ET 
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i-y/  t XflAJ  FJU.  £/  ITIAJ 


Ref  HLLV  CV-STR-1 4C 


iVIjC\f?T'trv  MAF*IETT/\ 


/v7/J/?r//v  m/xftietta 


Option  1 , Omit  XBeam CV-STR-14C 


fyiM  FT  TIN  IVJjCX  FI  IE  TT/I 
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Option  1 , Omit  XBeam  CV-STR-1 4C 


A7/JA?r//V  MARIETTA 
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. Machine  Off  SRB/SRB  Beam  Interfaces  Not  Required 


Opt  3,  New  Fabricated  Joint  CV-STR-14C 
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rvrxx  ft  tin  rvi/\  mETTSX 


Opt  4,  Modified  Thrust  Panel  CV-STR-14C 


/W/l /? r//V  IVlJC\r*IETTA 


Option  Evaluation CV-STR-1 4C 
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Recommendation C V-STR-1 4C 

Recommendation 
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Feedline  Loads  & Dynamics  CV-STR-1 4C 

Displacements  At  Intertank  Penetration 
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L02  Aft  Dome  Displacement 


ET  L02  F/L  Geometry  CV-STR-1 4C 


\TJ_L3iU  XT  LAI  tJtJL  a xtlaj 


NLS  L02  Feedline  Geom.  CV-STR-1 4C 

I Xn  301 6.9 1 xn  3034.2  I L02F/L 

20.0  RK  (20.0 1.D.) 
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= Thermal  Displacement  at  Fill 

Interference  Exist  With  Only  Thermal  Displacement  Applied 


NLS  L02  F/L  Penetration  CV-STR-1 4C 

Feedline  Centralized  For  Max  Clearances 

Xn  3009.3  Xn  3034.2 
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Conclusions CV-STR-1 4C 

• The  Reference  Configuration  L02  Feedline  Will  Interfere 
With  The  Cutout  Aft  Intertank  Structure  With  Only  Thermal 
Displacements  Applied 
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CV-STR-1 4C 
Appendix  3 
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Intertank  Purge  & Vent CV-STR-1 4C 

• Total  ET  Intertank  Vent  Area 
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Intertank  Purge  & Vent  CV-STR-1 4C 

• Approx.  NLS  Reference  Intertank  Vent  Area 
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Intertank  Purge  & Vent CV-STR-1 4C 

Recommendation 
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Intertank  Part  Definition  CV-STR-14C 
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Candidate  Items  For  Cycle  1 CV-STR-14C 

Resize  The  Intertank  Based  On  Cycle  1 Loads 

Perform  A Frame/SRB  Interface  Beam  Producability  Study 

Evaluate  Alternate  Methods  Of  Controlling  L02  Feedline  Vent 
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5.2.5.4.1  Reference  Intertank  Enhancements(#CV-STR-14C) 

Objective 

This  study  evaluated  enhancements  to  the  Cycle  0 Reference  Intertank  structure  and  recommended 
potential  modifications 

Approach 

(a)  Identify  potential  Study  Items. 

(b)  Define,  evaluate  and  analyze  selected  Study  Items. 

(c)  Identify  recommended  changes  to  the  ref. Configuration. 

(d)  Produce  Intertank  Part  Definition. 

(e)  Identify  candidates  for  study  during  Cycle  1. 

Items  Studied 

Item  1-1.5  Stage  frame  2985  modifications. 

Item  2 - Shell  penetrations  definition. 

Item  3 - Impacts  to  reference  for  no  TPS. 

Item  4 - Purge  and  vent 

Item  5 - Sizing  changes.  * 

Item  6 - Reference  part  definition. 

Key  Study  Results 

The  main  frame,  thrust  panel,  & ASRB  Beam  have  an  integral  I/F.  When  the ; SRB ^Bearn  is 
ommitted  (1.5  Stage  vehicle)  the  simplest  option  is  to  complete  the  I/F  with  a new  fabneat^jomt. 
The  L02  feedline  penetration  was  found  to  interfere  with  die  panel  cutout  when  thermal 
displacements  were  applied;  clearance  could  be  achieved  by  relocating  the 

cutout.  The  reference  skin/stringer  panels  were  resized  for  anctunpact  of -l^lbs.^e  feedline 
fairine  is  used  on  ET  intertanks  as  the  primary  vent  area.  On  NLS  the  two  largerLOZ  teediine 
fairinf  oudets  will  double  the  venting  area  if  ET  type  clairances  are 

modified  design  to  reduce  the  venting  area  or  a modification  to  the  launch  facility  to  increase  the 
purge  gas  capacity. 

Conclusions^  enhancemems  n ^ ^ 0 cfefamon  were  studied.  TV  propped 

— .ifi-grinn,  do  not  impact  use  of  ET  tooling.  In  addiuon.  further  potennal  enhancements  were 
identified  for  study  during  Cycle  1. 

Study  Recommendations  _ ..  ...  . . 

The  reference  definition  should  be  revised  to  reflect  that  proposed  in  this  study. 

- Revised  the  &7ASRB  Beam  I/F  to  the  new  fabricated  joint. 

- Center  the  L02  feedline  within  the  cutout  and  study  the  feedline  motion 
(Cycle  1 task). 

- Redefine  the  skin/stringer  sizing  (Cycle  1 task). 

- Study  alternate  methods  of  sealing  the  L02  feedline  penetrauons  and 
potential  for  a fixed  vent  area  (Cycle  1 task). 
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National  Launch  ’System  H92  Cycle  Zero  Structures  Data  fflctegg__fgg£_2 


Xn  3034.2 


* Thermal  displacement 

Reference  L02  Feedline  Penetration 


Vent  Item 

Duplicate 
ET  Config 

Maintain  ET 
Vent  Area 

Vent  Hole 

Vent  Hole 

L02  Tank  Elect.  Conduit  Opening 

0 

0 

Umbilical  Panel 

.17 

.17 

Access  Door 

1.41 

1.41 

L02  Feedline  Fairing 

95.46 

41.12 

GH2  Pressurization  Line 

5.02 

5.02 

LH2  Tank  Elect.  Conduit  Opening 

.30 

.30 

Total 

94.68 

o 

o 

o 

VO 

NLS  Intertank  Vent  Area 


Additional  Information 

See  Doc  # MMC.NLS.SR.001  Book  1 for  more  detailed  results. 
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6.2. 5. 4.1  Reference  Intertank  Enhancements(#CV-STR-14C) 


Objective 

This  study  evaluated  enhancements  to  the  Cycle  0 Reference  Intertank  structure  and  recommended 
potential  modifications 

Approach 

(a)  Identify  potential  Study  Items. 

(b)  Define,  evaluate  and  analyze  selected  Study  Items. 

(c)  Identify  recommended  changes  to  the  ref.  Configuration. 

(d)  Produce  Intertank  Part  Definition. 

(e)  Identify  candidates  for  study  during  Cycle  1. 

Items  Studied 

Item  1-1.5  Stage  frame  2985  modifications. 

Item  2 - Shell  penetrations  definition. 

Item  3 - Impacts  to  reference  for  no  TPS. 

Item  4 - Purge  and  vent. 

Item  5 - Sizing  changes. 

Item  6 - Reference  part  definition. 

Key  Study  Results 

The  main  frame,  thrust  panel,  & ASRB  Beam  have  an  integral  I/F.  When  the SKB ^Beam  is 
ormnitted  (1.5  Stage  vehicle)  the  simplest  option  is  to  complete  the  1/F  with  a newfabncat^  joint. 
The  L02  feedline  penetration  was  found  to  interfere  with  the  panel  cutout  when  thcrma 
ti*l£emems allied;  clearance  could  be  achieved  by  relocating  tie  feccUme.oceraer..  m d» 
cutout  The  reference  skin/stringer  panels  were  resized  for  anetimpact  of  -172  lbs  The  feedhne 
fairing  is  used  on  ET  intertanks  as  the  primary  vent  area.  On  NLS  the  two  largerL02  feedline 
fairing  outlets  will  double  the  venting  area  if  ET  type  clearances  are  maintained.  This  requires  a 
modified  design  to  reduce  the  venting  area  or  a modification  to  the  launch  facility  to  increas 

purge  gas  capacity. 

Conclusions  entimccmcnts  to  thc  Cycle  0 tatemnk  definition  were  studied.  Hie  proposed 
modifications  do  not  impact  use  of  ET  tooling.  In  addition,  further  potenttal  enhancements  were 
idendified  for  study  during  Cycle  1. 

Study  Recommendations  „ . . . . . , . 

The  reference  definition  should  be  revised  to  reflect  that  proposed  in  this  study. 

- Revised  the  &./ASRB  Beam  I/F  to  the  new  fabricated  joint. 

- Center  the  L02  feedline  within  the  cutout  and  study  the  feedhne  mouon 
(Cycle  1 task). 

- Redefine  the  skin/stringer  sizing  (Cycle  1 task)  ,.  . 

- Study  alternate  methods  of  sealing  the  L02  feedline  penetrauons  and 
potential  for  a fixed  vent  area  (Cycle  1 task). 
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NationalLMunch^S^stem^^^92  Cycle  Zero  Structure s Data_Package  Page  2 


* Thermal  displacement 

Reference  L02  Feedline  Penetration 


Vent  Item 

Duplicate 
ET  Config 

Maintain  ET 
Vent  Area 

Vent  Hole 

5.99 

Vent  Hole 

5.99 

L02  Tank  Elect.  Conduit  Opening 

0 

0 

Umbilical  Panel 

.17 

.17 

Access  Door 

1.41 

1.41 

L02  Feedline  Fairing 

95.46 

41 . 12 

GH2  Pressurization  Line 

5.02 

5.02 

LH2  Tank  Elect.  Conduit  Opening 

.30 

.30 

Total 

94.68 

60.00 

NLS  Intertank  Vent  Area 


Additional  Information 

See  Doc  # MMC.NLS.SR.001  Book  1 for  more  detailed  results. 


423 


THIS  PAGE  INTENTIONALLY  LEFT  BLANK 


424 


o i2 

Sg 

© E 


<D 


© 


n-  O 
Q DC  C 

■ 3 C 

QC  £2  m 
l-o" 
(/)3  = 
£.2 

O w w 

II 

gl 


PRECEDING  PAGE  B.'.AHK  NOT  FILMED 


425 


tt 

E 

E 

(7) 

■ 

cc 

■ 


■o 

c 

0> 

(0 


^ N c o 
OO  5|o 

«-  9 5 *9 

< u)  0 in 

^ C4^X  C4 

<D  ^ ^ 

(D  2 Q 2 

Q !2.0  !2. 


o> 

o> 


00 

>» 

(5 


o>  co 

CC  O 


os 

to 

CM 

o> 


< 

Q 


MANNED  SPACE  SYSTEMS 


CO  I 

I 

>, 

o 


c 

o 


0) 

Q 

c 

CO 

H 

CM 


CO 


Q 

0) 

o 

O 

a> 


o 

co  '-g 

E 2 

0)  3 
±S  O 


CO 

c 

0) 

E 

a) 

o 

c 

CO 


111 

0) 

CO 
3 

CO 
> 
LU 

o9 
•o 

3 

sf55 


0) 


c 

0) 

E 

E 

o 

o 

<d 

cc 

■u 

c 

< 

0) 


o 

3 

( 0 C 
c | 

h .a 

CM  « 

3 o 

« s 

81 

£ c 
0)  0) 

75  o 
cc  Q. 


O 

LL 

0) 

2 

E 

o 

ul 


? O 

5 o 

CO  ^ 

"O  fl) 

0)  oc 
8 £ 


co 

c 

0 

E 

E 0) 

3 S. 

1 o 

O) 
CO  c 


0) 

CO 

co  CD 

52  n 

E >* 

<d  co 

— c 

>*< 

*o 


0) 

o 

75 

Q) 

Q 

o|.| 
(0  (0 

2 s 

go 

3 • 


*s  c 
(A  < 

"co  o> 

1 1 

0)  2 

O 5 
0.  Ill 


CO  o 

a>  .2 
O)  .tr 
c c 

CO  0= 
JC  0) 

o o 

"o  tr 

o CO 

-o  a. 


c 

CO 


a) 

E 
E 

O CM 

8 5 

* * 
>*  o 

« 3 


C M-  <I>  n- 

- 13  c 3 

c «=  c s 

jj%  > S 
2 O 2 a. 


co  -b 

i a 

Q.  <0 

h j_ 

“ o 

0 u- 

>. 

= 0) 
.2  CO 

1 S 

CO  ■g 

6 co 

■o  O 
c ^ 

< ^ 
a>  '3 
O)  r 

09  m 
CO  <D 


426 


MANNED  SPACE  SYSTEMS 


Approach  & Groundrules CV-STR-1 4D 

Groundrules 
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Potential  Study  Items CV-STR-1 4D 

. Barrel/Frame  Geometry  Definition 
. Alternate  Forward  Dome  Chord  & Frame 
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Vortex  Baffle  Definition 
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Alternate  Geometry  Definition  CV-STR-14D 

Potential  Enhancements 
• Standardize  Barrels  And  Frames 
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Ref  Barrel  Commonality CV-STR-1 4D 
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Alternate  Geometry  Definition  CV-STR-14D 


3 Standard  Barrels  & Frames 


Alternate  Barrel  Commonality  CV-STR-14D 
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Recommendation CV-STR-1 4D 

Potential  Enhancements 
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Alt.  Fwd  Dome  Chord  & Frame  CV-STR-14D 

Reference  Fwd  Dome  Chord  Alternate  Fwd  Dome  Chord 

Xn  3123.15  Xn  3123.15 
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Alt.  Fwd  Dome  Chord  & Frame  CV-STR-14D 

Results 
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External  H/W  Mtg  Provisions  CV-STR-14D 
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External  H/W  Mtg  Provisions  CV-STR-1 4D 

• Locations  On  ±Z,  Based  On  Reference  Geometry 

L02  Feedline  ± Z Axis  L02  Feedline  Support 
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External  H/W  Mtg  Provisions  CV-STR-14D 

Recommendation 

• Add  External  Hardware  Mtg  Provisions  To  Reference 
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LH2  Tank  Structural  Definition  CV-STR-14D 

Issue 
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LH2 Tank  Handling  Point  l/F's  CV-STR-14D 

Objective 

• Define  LH2  Tank  Transportation  & Handling  Interfaces 
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453 


View  2 (Opposite)  view 
(Handling  Tools  Not  Shown  For  Clarity) 


Section  A-A  (Handling  Tool  Not  Shown  For  Clarity) 

Rotated 


Section  D-D  Detail  B Rotated 

(Handling  Tool  Not  Shown  For  Clarity) 


LH2  Tank  Handling  Points  CV-STR-14P 

Barrel  Panel  Commonality  Impacts 
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CV-STR-14D 
Appendix  7 
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Fwd  Sensor  Instn  Options  CV-STR-14D 

Reference  - ET  Mast 
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100%  Sensor  Utilizes  Existing  Feedthru  Plate  Location 
98%  Sensor  Located  On  Unique  Stinger 
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100%  Sensor  Utilizes  Existing  Feedthru  Plate  Location 
98%  Sensor  Located  On  Unique  Stinger 


Fwd  Sensor  Instn  Evaluation  CV-STR-1 4D 

_ | ’ Options 

Critera  — 1 : 1 o 
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Major  Impacts  • Increased  Weights  Incl  8%  Contingency 


Conclusions CV-STR-1 4D 

• Option  1 Stinger  Interferes  With  L02  Aft  Dome  In  The 
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LH2  Tank  Dome  Part  Definition  CV-STR-1 4D 

Part"!  Title  LSiJSfiS  J Remarks 
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LH2Tank  Shell  Definition CV-STR-14D 

• Part  Configuration  /I  I I I [T\ 
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Segments  Could  Be  Modified  Because  Of  Absense  Of  Orbiter  Loads 
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5. 2. 6. 4.1  Reference  LH2  Tank  Enhancements(#CV-STR-14D) 

Objective 

This  study  evaluated  enhancements  to  the  Cycle  0 Reference  LH2  Tank  structure  and 
recommended  potential  modifications 

Approach 

(a)  Identify,  define,  evaluate  and  analyze  selected  Study  Items. 

(b)  Identify  recommended  changes  to  the  ref. Configuration. 

(c)  Produce  LH2  Tank  Part  Definition. 

(d)  Identify  candidates  for  study  during  Cycle  1. 

Items  Studied 

Item  1 - Revised  barrel  and  frame  geometry. 

Item  2 - Alternate  forward  dome  chord  and  frame. 

Item  3 - Def.  of  external  hardware  mounting  provisions. 

Item  4 - Chord  to  barrel  weld  land  mismatch. 

Item  5 - Definition  of  handling  points 
Item  6 - Alternate  aft  dome  configuration 
Item  7 - Level  sensor  installation 
Item  8 - Reference  part  definition. 

Key  Study  Results 

The  fwd  dome  chord  and  frame  were  designed  for  Orbiter  bi-pod  loads  and  are  inefficient  for  this 
application.  The  ref.  used  a L02  tank  aft  dome  chord  in  the  LH2  tank  aft  dome,  this  creates  a weld 
land  mismatch  requiring  the  chord  weld  lands  to  be  reduced.  ET  level  sensor  installation  requires 
internal  assembly.  In  order  to  reduce  the  requirement  for  access  a series  of  options  were  produced 
to  show  a method  of  installing  level  sensors  on  a mast  thats  installed  externally  thru  the  fwd  dome. 

Conclusions 

The  Cycle  0 definition  made  use  of  ET  assemblies  with  some  modified  components.  Weight  and 
manufacturing  complexity  can  be  further  improved  by  revising  more  of  these  components  to  better 
match  NLS  sizing  requirements.  These  modified  components  can  still  be  produced  on  ET  tooling 
with  the  minor  modifications  already  identified.  Installation  of  level  sensors  without  internal  access 
was  determined  to  be  feasible. 

Study  Recommendations 

The  reference  Cycle  0 definition  should  be  revised  to  reflect  the  enhancements  proposed  in  this 
study: 

Revise  reference  definition  to  use  L02  aft  chord  and  revised  LH2  fwd  name 
in  forward  location. 

- Incorporate  the  proposed  definition  of  external  hardware  mtg.  provisions. 

Increase  barrel  weld  land  at  dome  chord  welds  to  387. 

During  Cycle  1 further  define  the  level  sensor  installation  and  re-evaluate  intermediate  frame  sizing. 
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6.2.6.4.1  Reference  LH2  Tank  Enhancements(#CV-STR-14D) 

Objective 

This  study  evaluated  enhancements  to  the  Cycle  0 Reference  LH2  Tank  structure  and 
recommended  potential  modifications 

Approach 

(a)  Identify,  define,  evaluate  and  analyze  selected  Study  Items. 

(b)  Identify  recommended  changes  to  the  ref.Configuration. 

(c)  Produce  LH2  Tank  Part  Definition. 

(d)  Identify  candidates  for  study  during  Cycle  1. 

Items  Studied 

Item  1 - Revised  barrel  and  frame  geometry. 

Item  2 - Alternate  forward  dome  chord  and  frame. 

Item  3 - Def.  of  external  hardware  mounting  provisions. 

Item  4 - Chord  to  barrel  weld  land  mismatch. 

Item  5 - Definition  of  handling  points 
Item  6 - Alternate  aft  dome  configuration 
Item  7 - Level  sensor  installation 
Item  8 - Reference  part  definition. 

Key  Study  Results 

The  fwd  dome  chord  and  frame  were  designed  for  Orbiter  bi-pod  loads  and  are  inefficient  for  this 
application.  The  ref.  used  a L02  tank  aft  dome  chord  in  the  LH2  tank  aft  dome,  this  creates  a weld 
land  mismatch  requiring  the  chord  weld  lands  to  be  reduced.  ET  level  sensor  installation  requires 
internal  assembly.  In  order  to  reduce  the  requirement  for  access  a series  of  options  were  produced 
to  show  a method  of  installing  level  sensors  on  a mast  thats  installed  externally  thru  the  fwd  dome. 


Conclusions 

The  Cycle  0 definition  made  use  of  ET  assemblies  with  some  modified  components.  Weight  and 
manufacturing  complexity  can  be  further  improved  by  revising  more  of  these  components  to  better 
match  NLS  sizing  requirements.  These  modified  components  can  still  be  produced  on  ET  tooling 
with  the  minor  modifications  already  identified.  Installation  of  level  sensors  without  internal  access 
was  determined  to  be  feasible. 

Study  Recommendations 

The  reference  Cycle  0 definition  should  be  revised  to  reflect  the  enhancements  proposed  in  this 
study* 

- Revise  reference  definition  to  use  L02  aft  chord  and  revised  LH2  fwd  frame 

in  forward  location.  , . 

- Incorporate  the  proposed  definition  of  external  hardware  mtg.  provisions. 

Increase  barrel  weld  land  at  dome  chord  welds  to  .387. 

During  Cycle  1 further  define  the  level  sensor  installation  and  re-evaluate  intermediate  frame  sizing. 
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5.2. 1.4.1  External  Hardware  Design  Definition  (#CV-STR-14G) 

Objective 

Study  and  evaluate  HLLV  external  cable  tray  and  press  line  requirements  and  recommend  a 
configuration  to  meet  these  requirements. 

Approach 

(a)  Investigate  STS  ET  cable  tray  and  press  line  design. 

(b)  Study  potential  NLS  configurations. 

(c)  Document  study  results  and  prepare  conclusions. 

(d)  Identify  items  for  study  in  cycle  1. 

Items  Studied 

Item  1 - Size  and  location  of  cable  tray. 

Item  2 - Core  Stage  to  SRB  cable  tray  concept 
Item  3 - Location  of  press  lines  relative  to  cable  tray. 

Key  Study  Results 

ET  cable  tray  arrangement  has  separate  cable  trays  on  the  LG2  and  LH2  tanks.  These  are  located  at 
different  angular  locations.  The  cable  trays  do  not  run  along  the  intertank  as  their  purpose  is  to  feed 
cables  into  and  out  of  the  intertank.  On  NLS  a different  situation  exist;  primary  cable  routing  is 
between  the  interstage  and  the  propulsion  module  with  only  a few  cables  going  into  the  intertank. 
Therefore  the  NLS  cable  tray  should  be  continuous.  A simplified  attach  structure  can  be  devised  if 
the  location  of  the  G02  and  GH2  press  lines  is  Reversed.  Initial  estimates  indicate  that  the  cable 
tray  cross  section  needs  to  be  about  3 times  greater  on  NLS  due  to  increased  quantity  of  cables. 
Additional  cable  trays  will  be  needed  to  provide  for  cable  routing  to  the  aft  SRB  attach  as  well  as  a 
cross  over  cable  tray  between  port  and  stbd  SRBs. 

Conclusions 

The  proposed  concept  provides  a continuous  longitudinal  cable  tray  and  provides  a means  for 
routing  cables  to  the  solid  rocket  boosters. 

Study  Recommendations 

Revise  cycle  0 baseline  to  incorporate  the  proposed  configuration.  In  cycle  1,  study  a system 
tunnel  approach  and  angular  location  of  cable  tray/press  lines  and  cable  tray  size. 
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Locations  Reversed  Cross-over 

To  Simplify  Support  Cable  Tray 

Fitting  Design  On  L02  For  HLLV 

Tank 

Proposed  External  Hardware  Definition 

Additional  Information 

See  Doc  # MMCNLS.SR.001. Book  1 for  more  detailed  results. 
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6.2.1.4.1  External  Hardware  Design  Definition  (#CV-STR-14G) 

Objective 

Study  and  evaluate  1.5  Stage  external  cable  tray  and  press  line  requirements  and  recommend  a 
configuration  to  meet  these  requirements. 

Approach 

(a)  Investigate  STS  ET  cable  tray  and  press  line  design. 

(b)  Study  potential  NLS  configurations. 

(c)  Document  study  results  and  prepare  conclusions. 

(d)  Identify  items  for  study  in  cycle  1. 

Items  Studied 

Item  1 - Size  and  location  of  cable  tray. 

Item  2 - Location  of  press  lines  relative  to  cable  tray. 

Key  Study  Results 

ET  cable  tray  arrangement  has  separate  cable  trays  on  the  LQ2  and  LH2  tanks.  These  are  located  at 
different  angular  locations.  The  cable  trays  do  not  run  along  the  intertank  as  their  purpose  is  to  feed 
cables  into  and  out  of  the  intertank.  On  NLS  a different  situation  exist;  primary  cable  routing  is 
between  the  interstage  and  the  propulsion  module  with  only  a few  cables  going  into  the  intertank. 
Therefore  the  NLS  cable  tray  should  be  continuous.  A simplified  attach  structure  can  be  devised  if 
the  location  of  the  G02  and  GH2  press  lines  is  Reversed.  Initial  estimates  indicate  that  the  cable 
tray  cross  section  needs  to  be  about  3 times  greater  on  NLS  due  to  increased  quantity  of  cables. 

Conclusions 

The  proposed  concept  provides  a continuous  longitudinal  cable  tray  and  provides  a means  for 
routing  cables  to  the  solid  rocket  boosters. 

Study  Recommendations 

Revise  cycle  0 baseline  to  incorporate  the  proposed  configuration.  In  cycle  1,  study  a system 
tunnel  approach  and  angular  location  of  cable  tray/prcss  lines  and  cable  tray  size. 
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Locations  Reversed 
To  Simplify  Support 
Fitting  Design  On  L02 
Tank 

Proposed  External  Hardware  Definition 

Additional  Information 

See  Doc  # MMCNLS.SR.001.Book  1 for  more  detailed  results. 
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NLS  TPS  Ref  Definition  CV-STR-1 4H 

Objective 

• Prepare  Recommended  TPS  Definition  for  the 
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Approach CV-STR-1 4H 
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Study  Items  CV-STR-14H 

Aeroheating  & ASRM  shock  impingement  heating 
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Evaluation  Criteria  CV-STR-14H 
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Cost  Identify  any  major  cost  differentials 

between  options 


Study  Outline CV-STR-14H 

Objective , Approach , Groundrules  & Assumptions 
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Options  - Forward  Skirt  CV-STR-14H 
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Fwd  Skirt  - Configuration  CV-STR-14H 
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Evaluation  - Forward  Skirt  CV-STR-14H 
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Fwd  Skirt  Conclusions CV-STR-14H 

• Reference  option  cannot  withstand  Aeroheating  environment 
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Intertank  - Results  CV-STR-14H 
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I/T  Conclusions  CV-STR-1 4H 

• All  options  survive  Aeroheating  environment 


*-  . a)  5 s 

C«D)^  * 

O fl)  C „ o ® 
c ? « °8  S.- 

ti 

e <u  — c • .2  | 
C Oh  Oh  go. 

o 42 w * m So 

j;  t a tic  « ^ 

«®2o « || 

® £ {5  — W "3i 

TO  X E 5 © * o- 

o-l  TO  _ > .2.2 

12®lsSi 

»3§|g*§ 

» £ | o © it 

3 £ « *■  O T.  8 


> S o i-  T*  3 = 

co-2-c  I® 

£§-S.S.«ff 

hO  (0  0)  TJ  2 
C*0^  ^ £ O « S' 

co  (D  ^ sz  £ c3  8 
°§CS«i5 

-£  k.  n (A  O co 

o ® ~ n -o  z « 

jo  2 
. CO  « a 


o a 

o © 

ra  ~ 
c o 
O c 


u — X r 

<D  o — « t 

<0  * -o  "O  « 


"O  = 

“g  5 

w c 

© o 

e| 

O <3 

<0  5 


X fl) 

is 
0.£ 
co  DC 

co  0) 
a>  £ 
> *- 

82 

o co 
'4=  Q- 

Q.  E 

O o 


529 


MANNED  SPACE  SYSTEMS 


CV-STR-1 4H 


530 


MANNED  SPACE  SYSTEMS 


Options  ■ LQ2  Tank CV-STR-1 4H 

Option  Rationale 
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L02  Payload  vs  TPS CV-STR-1 4H 

NLS  Baseline  Propellant  Conditioning  Parameters 
5000  Gpm,  GHe  Inject,  5 Hr.  Min.  Load  to  Launch 


= ET  density  at  end  of  replenish 


L02  Ice  / Frost  Weight  CV-STR-1 4H 
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variations  in  TPS  thickness 
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Evaluation  - LQ2  Tank  CV-STR-14H 

Ref  Config  I Option  1 Option  2 

Bare  .5"  TPS  1.0"  TPS 
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L02  TPS  Conclusions  CV-STR-1 4H 

• All  options  satisfy  known  ground  & flight  requirements 
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Options  - LH2  Tank  CV-STR-14H 

Option  Rationale 
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LH2  - Ref  Vehicle  Config  CV-STR-1 4H 
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LH2  Payload  vs  TPS CV-STR-1 4H 

5 Hour  Min  Load  to  Launch 
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LH2  Ice  / Frost  Weight  CV-STR-1 4H 
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Evaluation  - LH2  Tank CV-STR-1 4H 


1=1  Least  desireable  impacts 


LH2  Conclusions CV-STR-1 4H 

• Both  options  satisfy  known  ground  & flight  requirements 
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No  Estimate  of  Increased  Weight  & 
Cost  for  Ice  & Liquid  Air  Formation 


Full  TPS  Vehicle CV-STR-1 4H 

• Probability  of  Ice/Frost  & Liquid  Air  formation  on 
Core  is  the  same  as  ET  to-day 
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Evaluation  - Core  Vehicle  CV-STR-14H 


MANNED  SPACE  SYSTEMS 


Core  Conclusions CV-STR-1 4H 

• Reference  Forward  Skirt  requires  additional 
protection  from  Aeroheating. 
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Core  Recommendations  CV-STR-14H 
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Assumptions  CV-STR-14H 
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MANNED  SPACE  SYSTEMS 


Heating  Rates CV-STR-1 4H 

• Rockwell  data  was  received  after  work  had  begun  using  the  Remtech  data 

• The  data  were  so  similar  that  it  was  decided  to  continue  using  the 
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• Note  that  only  the  HLLV  heating  data  were  used  in  the  subsequent 
evaluation  section  ( HLLV  rates  > 1.5  Rates)  to  define  the  reference  vehicle 


1 .5  Stage  Bodypoints CV-STR-1 4H 
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Thermal  Analysis  Runs  CV-STR-14H 
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CV-STR-1 4H 


(0 

c3 

Q 

U) 


CM 

X 

B^H 

TJ 

C 

0> 


TJ 

C 

o 

o 


TJ 

■ BBBi 

3 

Li- 


563 


CM 

O 

o 


< 

z 


MANNED  SPACE  SYSTEMS 


L02  Loading  Assumptions  CV-STR-14H 
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manned  space  systems 


Flight CV-STR-1 4H 

Establish  Expected  Wall  Temperature  Ullage  Pressure  and  NPSP 
Variations  Due  to  Tank  Skin  and  Insulation  Thickness  Changes 
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Flight  Results CV-STR-1 4H 

• TPS  Thickness  and  Wall  Thickness  Affects  Ullage  Pressure 
- Should  Be  Accounted  for  When  Ullage  Pressure  Requirements  Are  Defined 
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MANNED  SPACE  SYSTEMS 


L02  Sensitivity  Analysis  CV-STR-1 4H 

Propellant  Conditioning  Variables 
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Sensitivity  Analysis CV-STR-1 4H 

Payload  Factor  Sensitivity 
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MANNED  SPACE  SYSTEMS 


L02  Payload  vs  TPS CV-STR-1 4H 

NLS  Baseline  Propellant  Conditioning  Parameters 
5000  Gpm,  GHe  Inject,  5 Hr.  Min.  Load  to  Launch 


L02  Sensitivity  Analysis  CV-STR-14H 

No  GHe  Inject 

5000  Gpm,  No  GHe  Inject,  5 Hr.  Min.  Load  to  Launch 
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L02  Sensitivity  Analysis  CV-STR-1 4H 

No  GHe  & Reduced  Loading  Time 

5000  Gpm,  No  GHe  Inject,  2 Hr.  Min.  Load  to  Launch 


sq“|  - peoiAed  eiiaa  leioj. 


CM 

h- 

O 

O 


O 

< 


575 


MANNED  SPACE  SYSTEMS 


o 


= 0 

'll.  o 


sqn  - peoiAed  eiiaQ  le^oi 


578 


< 

O 

o 

b 

< 

2 


LH2  Payload  vs  TPS CV-STR-1 4H 

5 Hour  Min  Load  to  Launch 


579 


MANNED  SPACE  SYSTEMS 


0) 


sqi  - peoiAe<j  IBjoi 


580 


< 

r 

o 

o 

d 

< 

z 


MANNED  SPACE  SYSTEMS 


CV-STR-1 4H 


U) 

c 


T 

X 

uw^m 

~o 

c 

d> 

Q. 

Q, 

< 


CM 

o 

o 


Q 

< 


581 


MANNED  SPACE  SYSTEMS 


0)  c 
0)  o 

3 « C 
*i  © 3 

2 <|>  o> 

S co  >, 

« o S 
© E o. 
0.0  <0 
>>  (0  (D 

r o)  > 

© c CO 
0)'5  0) 

.§!  8 
.fc  2 o 
<0  E 3 

" C « 

c £ o> 

2 §.E 

«<►” 

C o 3 
O C ^ 

©S  2 

<0  C <D 
0)  (0  U) 

C Q.  c 
■*  X 
O 0)  £ 

s o » 

■£.©  o 

<0  3 « 

Q.'O-g  « 

,n  © <n  w 

Jf  ” © 2 

Q-  ro  £ 2 
t-  > S o. 


g ■o 

Q.-2 

<0  CO 

<|)  (0 
IM 

O £ 

« i_ 

85 


5 « 

5 O 
<a  ° 

co  2 

0)  <l) 

O)  > 

m > 


o>£ 

C £ 

** 
o co 
= c 

o Q) 


582 


SPACE  SYSTEMS 


lYJAFtTiPJ  M/XFUETT/X 


Stringer  TPS  ProfiU 

Option  2 
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Conclusions  CV-STR-14H 
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Ice  / Liquid  Air  Suppression  CV-STR-14H 

Assumes  bare  Fwd  Skirt  & l/T 
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costly  TPS  closeouts 
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MANNED  SPACE  SYSTEMS 


Freon  Replacement CV-STR-1 4H 

• Montreal  Protocol  set  worldwide  Chlorofluorocarbon  (CFC) 
reduction  goals  in  1 987 
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CV-STR-14H 
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Ice  & Liquid  Air  Rea'mts  CV-STR-14H 

Level  III  SRD  states  that  ice  & liquid  air  formation  is  acceptable  if 
not  detrimental  to  vehicle  systems  / operation 
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Ice  / Frost  Weight  CV-STR-1 4H 
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5.2.1.4.2  TPS  Reference  Definition  (#CV-STR-14-H) 

Objective 

Develop  the  recommended  TPS  definition  for  the  Reference  NLS  Core  Vehicle  (acreage  only) 
which  will  maintain  propellant  quality  and  protect  vehicle  structure/subsystems  during  pre-lau  c 

and  ascent  phases. 

Approach 

Part  1 - Evaluate  thermal  protection  options  individually  for  each  major  structural  element  of  the 
core  vehicle. 

Part  2 - Evaluate  thermal  protection  options  for  the  entire  Core  ^ generated 

in  Part  1.  Identify  recommended  changes  to  the  Reference  NLS  Core  Vehicle  TPS. 

Part  2 Options  Studied 

Reference  Configuration;  Heatsink  Configuration;  1.0"  TPS  Configuration. 

Key  Study  Results 

Pronellant  conditioning  during  pre-launch  and  ascent  is  acceptable  (with  variations  in  performance) 
for  all  ^tions^T^e1  Reference^ structure  survives  Aeroheating  with  Je  except « 

Skirt  Modifying  the  Reference  to  provide  a true  Heatsink  design  adds  mass  to  the  Fwd  Start « 
^ves  tom  Intertank.  The  L02  tank  is  adequMe  for  healtnnk  as  detugned,  whtle  the 
LH2  tank  must  have  some  TPS  to  prevent  excessive  boil-off. 

The  1 0"  TPS  option  was  designed  to  avoid  the  ice  & liquid  air  problem.  Less  than  1*0  of  TPS 
on  each  compSni  gives  risf  to  a significant  increase  in  the  probability  of  ice  & liquid  air 
formation  compared  with  ET.  Ice  & liquid  air  formation  is  hard  to  predict  quantitatively.  Ice  may 
adhere  after  launch  with  subsequent  performance(payload)impacts.  There  is  a significant  potenti 
for  launch  delays  due  to  ice.  Ice  debris  & liquid  air/flammability  are  safety  issues. 

Conclusions 

The  Heatsink  option  solves  the  problems  with.the.Reference  configuration.  It  shows  that  592  lbs 

to  develop  a mie  Heatsink  design,  and  this  option  still  has 

additional  unknown  weight,  cost,  operability  & safety  i^acts  due  to  ice  & m 
k also  harder  to  re-design  for  increased  heating  rates  than  an  equivalent  TPS  design  (easier  to 
spraymore  TPS  than  addmore  metal).  No  cost  increase  is  annsipated  over  the  Reference  option. 

There  is  an  additional  performance  loss  of  121  lbs  (vs  the  Heatank)  assuming  l.V'  of  TPS  on , the 
'This  avoids  all  the  problems  associated  with  ice  & liquid  air  formation.  The  cost  of 
applying  acreage  TPS  is  not  felt  to  be  prohibitive  to  avoid  the  above  system  level  uncertainties  / 
problems.  Cost  delta's  are  +$.72M  Non-rec  & +$1.1M  Recurring. 

Study  Recommendations 

Revise  Cycle  0 baseline  to  incorporate  1.0"  of  TPS. 
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stem  1/92 


^nmnMEnnnimn 


cle  Zero  Structures  Data  Package 


REFERENCE  CONFIGURATION 


Forward  Skirt  fails  due 
to  Aeroheating 
Ice/Frost  formation  within. 
2ft  of  L02  I/F  / 


■BARE" 


• Ice/Frost  t Liquid  Air  formation 
/ within  2ft  of  LH2  I/F 

• Ice/Frost  6 Liquid  Air  formation  possible 
over  entire  LH2  barrel.  Will  occur  with  much 
greater  frequency  than  on  ET  (ET  has  1.0"  TPS) 


» Significant  Potential 
for  Excessive 
Ice/Frost  formation 
over  entire  L02  Barrel 


• Lowest  Height  & Cost  Core  Option  but: 

- Fwd  Skirt  fails  due  to  Aeroheating 

- Mo  Estimate  of  Increased  Weight  & 
Cost  due  to  Ice  & Liquid  Air 


HEATSINK  CONFIGURATION 

• Ice/Frost  formation  within  • Ice/Frost  t Liquid  Air  formation 

2ft  of  L02  I/F  within  2ft  of  LH2  I/F 

/\  / • Ice/Frost  4 Liquid  Air  formation  possible 

+765  lbs  / \ -173  lbs  / 

\ / \ / S over  entire  LH2  barrel.  Will  occur  with  much 

\ / \ t 


-173  lbs 


greater  frequency  than  on  ET  (ET  has  1.0"  TPS) 


Modified 

Heatsink 

Design 


• Significant  Potential 
for  Excessive 
Ice/Frost  formation 
over  entire  L02  Barrel 


Wt  + 592  lbs 
)St  - No  Change 


Low  Cost  Core  Option  (Same  as  Reference) 
5921bs  weight  added  for  true  Heatsink  design 
No  Estimate  of  increased  Weight  & Cost  for 
Ice  a Liquid  Air  Formation 


1.0"  TPS  VEHICLE 

• Probability  of  Ice/Frost  & Liquid  Air  formation  on 
Core  is  the  same  as  ET  to-day 

• No  Performance,  Operations  or  Safety  uncertainty 

195 lbs  -4511bs  +7611bs 


CYLINDRICAL 


SURFACES 


+ 713  lbs 
+ $.72  M Non-Rec 
+ $1.1  M Recurring 


+2401bs  for 
3 Flange 
TPS  Closeouts 


* Extra  121  lbs  (vs  Heatsink  option)  removes 
any  uncertainties  due  to  Ice  & Liquid  Air 

• Cost  increase  relatively  low 


Additional  Information 


See  Doc  # MMC.NLS.SR.001.Book  1 for  more  detailed  results 
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6.2.1.4.2  TPS  Reference  Definition  (#CV-STR-14-H) 


Objective 


Develop  the  recommended  TPS  definition  for  the  Reference  NLS  Core  Vehicle  (acreap  only) 
which  will  maintain  propellant  quality  and  protect  vehicle  stnicture/subsystems  dunng  pre-launch 

and  ascent  phases. 


Approach 

Part  1 - Evaluate  thermal  protection  options  individually  for  each  major  structural  element  of  the 
core  vehicle. 

Part  2 - 
in  Part 


Evaluate  thermal  protection  options  for  the  entire  Core  Vehicle  based  ondata  generated 
1.  Identify  recommended  changes  to  the  Reference  NLS  Core  Vehicle  lro. 


Part  2 Options  Studied 

Reference  Configuration;  Heatsink  Configuration;  1.0"  TPS  Configuration. 


Key  Study  Results 

ProDellant  conditioning  during  pre-launch  and  ascent  is  acceptable  (with  variations  in  perfOTmance) 
Slomions^e  Referenle  structure  survives  Aeroheating  with  die  exception of  Forwarf 
Skin  Moctifying  the  Reference  to  provide  a true  Heatsink  design  adds  mass  to  the  FwdSlon  & 
removes  some  from  the  Intertank.  The  L02  tank  is  adequate  for  heatsink  as  designed,  while  the 
LH2  tank  must  have  some  TPS  to  prevent  excessive  boil-off. 

The  1.0"  TPS  option  was  designed  to  avoid  the  ice  & liqind  air  problcm-  I^ss^than  1.0" ^off TPS 
on  each  component  gives  rise  to  a significant  increase  in  the  probability  of  ice  & liquid  air 
formation  compared  with  ET.  Ice  & liquid  air  formation  is  hard  to  predict  quanutanvely.  temay 
Xrc  after  launch  with  subsequent  ^wmanceCpayloatliimpacts.  TTiot  i?  a significant  potential 
for  launch  delays  due  to  ice.  Ice  debris  & liquid  air/flammability  are  safety  issues. 


Conclusions 

The  Heatsink  option  solves  the  problems  with.the.Reference  configuration.  It  shows  that  592  lbs 
^st  S adtSP“?h”Referen?e  to  develop  a hue  Hewsink  design,  and  Urn t opnon^ stdU has 
additional  unknown  weight,  cost,  operability  & safety  impacts  due  to  ice  & l®rf  “ f^au<m.  It 
is  also  harder  to  re-design  for  increased  heating  rates  than  an  equivalent  TPS  design  (easier  to 
spray  more  TPS  than  add^ore  metal).  No  cost  increase  is  antisipated  over  the  Reference  option. 

is  an  additional  performance  loss  of  121  lbs  (vs  the  Heatsink)  assuming  1.0"  of  TPS  on  the 
entire  Core  This  avoids  aU  the  problems  associated  with  ice  & liquid  air  formation.  Thecostof 
applying  acreage  TPS  is  not  felt  to  be  prohibitive  to  avoid  the  above  system  level  uncertainties  / 
problems.  Cost  delta's  are  +S.72M  Non-rec  & +$1.1M  Recurring. 


Study  Recommendations 

Revise  Cycle  0 baseline  to  incorporate  1.0"  of  TPS. 


ational  Launch  System 


cle  Zero  Structures  Data  Package  Page  2 


REFERENCE  CONFIGURATION 


Forward  Skirt  fails  due 
to  Aeroheating 
Ice/Frost  formation  within. 
2ft  of  L02  I/F  / 


■BARE" 


• Ice/Frost  4 Liquid  Air  formation 
/ within  2ft  of  LH2  I/F 

• Ice/Frost  4 Liquid  Air  formation  possible 
over  entire  LH2  barrel.  Will  occur  with  much 
greater  frequency  than  on  ET  (ET  has  1.0"  TPS) 


• Significant  Potential 
for  Excessive 
Ice/Frost  formation 
over  entire  L02  Barrel 


• Lowest  Weight  & Cost  Core  Option  but : 

- Fwd  S)cirt  fails  due  to  Aeroheating 

- No  Estimate  of  Increased  Weight  & 
Cost  due  to  Ice  £ Liquid  Air 


HEATSINK  CONFIGURATION 

• Ice/Frost  formation  within  • Ice/Frost  4 Liquid  Air  formation 

2ft  of  L02  I/F  within  2ft  of  LH2  I/F 

/\  / • Ice/Frost  4 Liquid  Air  formation  possible 

+765  lbs  / \ -173  lbs  / 

\ / \ / x over  entire  LH2  barrel.  Will  occur  with  much 

V \ t y 


greater  frequency  than  on  ET  (ET  has  1.0" 


Modified 

Heatsink 

Design 


♦ Significant  Potential 
for  Excessive 
Ice/Frost  formation 
over  entire  L02  Barrel 


Wt  + 592  lbs 
Cost  - No  Change 


Low  Cost  Core  Option  (Same  as  Reference) 
5921bs  weight  added  for  true  Heatsink  design 
No  Estimate  of  increased  Weight  & Cost  for 
Ice  & Liquid  Air  Formation 


1.0"  TPS  VEHICLE 

• Probability  of  Ice/Frost  & Liquid  Air  formation  on 
Core  is  the  same  as  ET  to-day 

• No  Performance,  Operations  or  Safety  uncertainty 

+3581bs  -1 951bs  -4511bs  +7611bs 

/ ^ 


CYLINDRICAL 


SURFACES 


+2401bs  for 
3 Flange 
TPS  Closeouts 


+ 713  lbs 
+ $.72  M Non-Rec 
+ $1.1  M Recurring 


Extra  121  lbs  (vs  Heatsink  option)  removes 
any  uncertainties  due  to  Ice  & Liquid  Air 
Cost  increase  relatively  low 


Additional  Information 


See  Doc  # MMC.NLS.SR.001.Book  1 for  more  detailed  results 
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Coretank  - Manufacturing  Plan 
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Coretank  Manufacturing  Flow  - Intertank 
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MANNED  SPACE  SYSTEMS 


Coretank  Manufacturing  Flow  - Forward  Skirt 
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Coretank  Manufacturing  Flow  - Domes 
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MANNED  SPACE  SYSTEMS 


Coretank  Manufacturing  Flow  - Domes  (Contd) 
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MANNED  SPACE  CVSTEMS 


Coretank  Manufacturing  Flow  - Rings 

STA  3377,  3624  AND  3871  RING  ASSEMBLIES 
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MANNED  SPACE  SYSTEMS 


Coretank  Manufacturing  Flow  - LQ2  Barrel 
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MANNED  SPACE  ' STEMS 


Coretank  Manufacturing  Flow  - L02  Major  Weld 
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Coretank  Manufacturing  Flow  - LH2  Major  Weld 
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MANNED  SPACE  CYSTEMS 


National  Launch  System  7/92  Cycle  Zero  Structures  Data  Package  Page  1 


5. 2. 1.4. 3 Manufacturing  Plan  (CV-STR-16A) 

Objective 

Develop  a manufacturing  plan  for  production  of  three  core  tanks  for  the  Heavy  Lift  Launch 
Vehicle(HLLV)  and  ten  Stage-and-a-Half  Vehicles  per  year  concurrent  with  an  NSTS  External 
Tank  production  rate  of  eight  per  year. 

Approach 

(1)  Develop  manufacturing  sequence  flow  for  core  tankage  design. 

(2)  Review  ET  major  tooling  capacities  to  determine  new  tooling  requirements 

(3)  Define  Tool  and  Facilities  requirements^  .2. 1.4 .4  & 5.2. 1.4.5) 

Groundrules  and  Assumptions 

Since  the  combined  production  rate  for  the  NLS  and  ET  assemblies  (21)  will  not  exceed  the  twenty 
four  per  year  production  rate  capability  of  the  tooling  and  facilities  at  MAF,  it  is  assumed  there  will 
be  no  overall  schedule  impact 

Assume  manufacture  of  the  launch  vehicle  will  utilize  current  ET  manufacturing  technologies  and 
established  processes. 

All  construction  will  be  at  MAF  using  detail  parts  and  sub-assemblies  sub-contracted  to  outside 
suppliers. 

Key  Study  Results 

Manufacturing  processes  for  the  Core  Tankage  from  receipt  of  the  detail  parts  and  assemblies 
through  to  the  vertical  assembly  of  the  Liquid  Hydrogen(LH2)  Tank,  Intertank(IT),  Liquid 
Oxygen(L02)  Tank  and  the  Forward  Skirt,  in  the  MAF  Vertical  Assembly  Building(VAB)  have 
been  assessed.  Subsequent  assembly  and  test  and  checkout  operations  are  addressed  in  a separate 
study.  Manufacturing  flow  diagrams  have  been  prepared  to  identify  the  core  tankage  major 
production  activities  through  vertical  stacking  in  the  VAB. 

All  mechanically  fastened  subassembly  operations  maximize  use  of  ET  fixturing,  and  the  existing 
large  'C-  frame  riveter  for  automatic  rivet  installation. 

The  LH2  and  L02  tank  barrel  sequence  flows  are  similar  to  ET  and  use  ET  fixtures,  tooling,  NDE 
facilities  etc.  The  procured  barrel  skin  panels,  will  be  cleaned  in  the  existing  MAF  facility  prior  to 
welding.  Weld  assembly,  trim,  and  frame  installation  is  to  be  accomplished  on  ET  tooling  and  will 
utilize  ET  roll  rings  and  roll  ring  installation  tooling. 

H & J Rings  will  be  procured,  machined,  stretched  formed,  aged  and  trimmed  in  90°  sections. 
These  sections  will  be  welded  together  to  form  the  360°  rings,  machined  and  drilled,  etc.  in  the  ET 
ring  tools. 
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Dome  fabrication  will  use  the  ET  dome  weld  tooling;  new  adaptive  tools  will  be  required  for  the 
new  design  dome  caps  and  fittings.  A new  tool  is  required  for  LH2  Tank  Aft  Dome  mechanical 

installations. 

New  tooling  will  be  required  for  the  assembly  of  the  Anti  vortex  and  Slosh  Baffle  assemblies  and 
will  be  located  in  the  MAF  Bldg  103.  Elements  of  these  assemblies  will  be  procured  from  outside 
suppliers  as  preassembled  subassemblies. 

LH2  and  L02  tank  assembly  sequence  will  be  similar  to  the  ET  process  using  existing  tooling  and 
facilities.  The  flow  differs  from  ET  only  in  that  a new  tool  is  required  for  L02  tank  major  weld 
operations.  Internal  and  external  clean  and  prime  operations  will  use  the  ET  LH2  tank  processing 
cells,  except  that  the  L02  tank  will  be  processed  through  the  ET  LH2  tank  processing  Cell  P for 
external  clean  and  prime;  TPS  operations  will  be  performed  in  re-activated  Cells  M & N. 

Intertank  assembly  will  use  ET  Intertank  tooling. 

Forward  Skirt  major  assembly  will  use  a dedicated  assembly  fixture;  subassembly  activities  wM 
use  ET  Intertank  tooling.  The  Skirt/L02  tank  interface  bolt  hole  pattern  will  be : identical  to  ET 
L02/IT/LH2  Tank  interface  pattern  and  will  use  drill  plates  mastered  from  existing  ET  tooling. 

Core  Tankage  assembly  is  similar  to  the  ET  except  Forward  Skirt/L02  TankflntCTtank  stack  wiUbe 
in  Cell  L.  The  assembly  will  be  transferred  to  Cell  A for  stacking  to  the  LH2  Tank  and  TPS 
closeout  of  the  Intertank/LH2  tank  interface.  The  completed  stack  will  be  lowered  to  the  horizontal 
position,  and  processed  according  to  plans  specified  in  IACO  studies. 

Conclusions 

The  NLS  Core  Tankage  Manufacturing  Plan  has  been  developed  for  total  assembly  at  the  NASA  - 
Michoud  Assembly  Facility  (MAF).  The  plan  makes  effective  useof  manufacturing^^,  existing 
tooling  and  facility  capacities,  and  infrastructure  on  a non-interference  basis  with  the  on-going 
External  Tank  (ET)  project 

Study  Recommendations 

Existing  NLS  program  groundrule  for  building  NLS  Core  Tankage  using  ET  tooling  and  MAF 
facilities  should  be  maintained. 

Additional  Information 

See  Doc#  MMC.NLS.SR.001  Book  1 for  more  detailed  results 
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6. 2. 1.4. 3 Manufacturing  Plan  (CV-STR-16A) 

Objective 

Develop  a manufacturing  plan  for  production  of  three  core  tanks  for  the  Heavy  Lift  Launch 
Vehicle(HLLV)  and  ten  Stage-and-a-Half  Vehicles  per  year  concurrent  with  an  NSTS  External 
Tank  production  rate  of  eight  per  year. 

Approach 

(1)  Develop  manufacturing  sequence  flow  for  core  tankage  design. 

(2)  Review  ET  major  tooling  capacities  to  determine  new  tooling  requirements 

(3)  Define  Tool  and  Facilities  requirements(6.2. 1.4.4  & 6.2. 1.4.5) 

Groundrules  and  Assumptions 

Since  the  combined  production  rate  for  the  NLS  and  ET  assemblies  (21)  will  not  exceed  the  twenty 
four  per  year  production  rate  capability  of  the  tooling  and  facilities  at  MAF,  it  is  assumed  there  will 
be  no  overall  schedule  impact 

Assume  manufacture  of  the  launch  vehicle  will  utilize  current  ET  manufacturing  technologies  and 
established  processes. 

All  construction  will  be  at  MAF  using  detail  parts  and  sub-assemblies  sub-contracted  to  outside 
suppliers. 

Key  Study  Results 

Manufacturing  processes  for  the  Core  Tankage  from  receipt  of  the  detail  parts  and  assemblies 
through  to  the  vertical  assembly  of  the  Liquid  Hydrogen(LH2)  Tank,  Intertank(IT),  Liquid 
0xygen(L02)  Tank  and  the  Forward  Skirt,  in  the  MAF  Vertical  Assembly  Building(VAB)  have 
been  assessed.  Subsequent  assembly  and  test  and  checkout  operations  are  addressed  in  a separate 
study.  Manufacturing  flow  diagrams  have  been  prepared  to  identify  the  core  tankage  major 
production  activities  through  vertical  stacking  in  the  VAB. 

All  mechanically  fastened  subassembly  operations  maximize  use  of  ET  fixturing,  and  the  existing 
large  ’C-  frame  riveter  for  automatic  rivet  installation. 

The  LH2  and  L02  tank  barrel  sequence  flows  are  similar  to  ET  and  use  ET  fixtures,  tooling,  NDE 
facilities  etc.  The  procured  barrel  skin  panels,  will  be  cleaned  in  the  existing  MAF  facility  prior  to 
welding.  Weld  assembly,  trim,  and  frame  installation  is  to  be  accomplished  on  ET  tooling  and  will 
utilize  ET  roll  rings  and  roll  ring  installation  tooling. 

H & J Rings  will  be  procured,  machined,  stretched  formed,  aged  and  trimmed  in  90°  sections. 
These  sections  will  be  welded  together  to  form  the  360°  rings,  machined  and  drilled,  etc.  in  the  ET 
ring  tools. 
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Dome  fabrication  will  use  the  ET  dome  weld  tooling;  new  adaptive  tools  will  be  required  for  the 
new  design  dome  caps  and  fittings.  A new  tool  is  required  for  LH2  Tank  Aft  Dome  mechanical 
installations. 


New  tooling  will  be  required  for  the  assembly  of  the  Anti  vortex  and  Slosh  Baffle  assemblies  and 
will  be  located  in  the  MAF  Bldg  103.  Elements  of  these  assemblies  will  be  procured  from  outside 
suppliers  as  preassembled  subassemblies. 


LH2  and  L02  tank  assembly  sequence  will  be  similar  to  the  ET  process  using  existing  tooling  and 
facilities.  The  flow  differs  from  ET  only  in  that  a new  tool  is  required  fw  L02  tank  major  weld 
operations.  Internal  and  external  clean  and  prime  operations  will  use  die  ET  LH2  tank  processing 
cells,  except  that  the  L02  tank  will  be  processed  through  the  ET  LH2  tank  processing  Cell  P for 
external  clean  and  prime;  TPS  operations  will  be  performed  in  re-activated  Cells  M & N. 


Intertank  assembly  will  use  ET  Intertank  tooling. 

Forward  Skirt  major  assembly  will  use  a dedicated  assembly  fixture;  subassembly  activities  wiU 
use  ET  Intertank  tooling.  The  Skirt/L02  tank  interface  bolt  hole  pattern  will  be  identical  to  ET 
L02/TT7LH2  Tank  interface  pattern  and  will  use  drill  plates  mastered  from  existing  ET  tooling. 


Core  Tankage  assembly  is  similar  to  the  ET  except  Forward  Skirt/L02  TankAntertank  slack  will  be 
in  Cell  L.  The  assembly  will  be  transferred  to  Cell  A for  stacking  to  the  LH2  Tank  and  TPS 
closeout  of  the  Intertank/LH2  tank  interface.  The  completed  stack  will  be  lowered  to  the  horizontal 
position,  and  processed  according  to  plans  specified  in  IACO  studies. 


\ 


Conclusions 

The  NLS  Core  Tankage  Manufacturing  Plan  has  been  developed  for  total  assembly  at  the  NASA  - 
Michoud  Assembly  Facility  (MAF).  The  plan  makes  effective  use  of  manufacturing  areas,  existing 
tooling  and  facility  capacities,  and  infrastructure  on  a non-interference  basis  with  the  on-going 
External  Tank  (ET)  project 


Study  Recommendations 

Existing  NLS  program  groundrule  for  building  NLS  Core  Tankage  using  ET  tooling  and  MAF 
facilities  should  be  maintained. 


Additional  Information 

See  Doc#  MMC.NLS.SR.001  Book  1 for  more  detailed  results 
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Requirement 

• L02  slosh  baffle 
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Core  Tankage  Modifications  - Cell  P 

Requirement 

• External  clean  & prime  LH2  tanks 
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flange  access  platform 
in  down  position  @ EL  49' 
(360°  Access) 
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5. 2. 1.4. 4 Facilities  Plan  (CV-STR-16B) 

Objective 

Prepare  a facilities  plan  for  manufacture  of  the  NLS  reference  configuration  HLLV  and  1.5  Stage 
vehicles  at  the  NASA  Michoud  Assembly  Facility,  integrated  with  the  existing  External  Tank 
production. 

Approach 

(a)  Analyze  manufacturing  plan 

(b)  Determine  requirements  for  foundations 

(c)  Determine  requirements  for  new  and/or  modified  structures,  cranage,  support  equipment  and 
services 

(d)  Prepare  preliminary  design  layouts 
Key  Study  Results 

Structural  assembly  areas  within  the  MAF  Bldg  103  will  be  required  for  the  new  fixtures  for  L02 
Tank  Major  Weld,  Forward  Skirt  Assembly,  Slosh  Baffle  Assembly  and  Frame  Assembly.  These 
positions  will  be  located  under  existing  crane  coverage,  except  for  the  forward  skirt  assembly  tools 
which  will  be  covered  by  an  extension  to  the  crane  system,  and  will  be  supplied  with  all  necessary 
utilities. 

An  additional  position  with  a reinforced  foundation,  located  in  the  North  East  comer  of  building 
103,  will  be  required  for  the  new  Aft  Dome  Mechanical  Installation  Fixture. 

Cells  A,  E,  F and  L will  require  modifications  to  add  access  platforms  and  stairs  for  installation 
and  removal  of  handling  equipment  Cell  E may  also  require  modification  to  raise  the  cell  roof  and 
lift  door,  to  accommodate  an  aft  dome  sump,  and  a new  probe  and  cover  plate  for  the  L02  Tank 
internal  cleaning. 

Final  Assembly  and  Test  and  Checkout  operations  are  not  included  in  this  study  but  have  been 
addresed  in  IACO  studies 

Conclusions 

Manufacture  of  the  cycle  0 reference  configuration  vehicles  can  be  accommodated  within  the 
existing  ET  manufacturing  facilities  with  relatively  minor  impact 

Study  Recommendations 

Existing  NLS  program  groundrule  for  building  NLS  Core  Tankage  at  the  MAF  has  been  confirmed 
and  should  be  maintained. 

Additional  Information 

See  Doc#  MMC.NLS  .SR.00 1 Book  1 for  more  detailed  results. 
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6.2. 1.4.4  Facilities  Plan  (CV-STR-16B) 

Objective 

Prepare  a facilities  plan  for  manufacture  of  the  NLS  reference  configuration  HLLV  and  1.5  Stage 
vehicles  at  the  NASA  Michoud  Assembly  Facility,  integrated  with  the  existing  External  Tank 

production. 

Approach 

(a)  Analyze  manufacturing  plan 

(b)  Determine  requirements  for  foundations  . 

(c)  Determine  requirements  for  new  and/or  modified  structures,  cranage,  support  equipment  and 

services 

(d)  Prepare  preliminary  design  layouts 
Key  Study  Results 

Structural  assembly  areas  within  the  MAF  Bldg  103  will  be  required  for  the  new  fixtures  forL02 
Tank  Major  Weld,  Forward  Skirt  Assembly,  Slosh  Baffle  Assembly  and  Frame  Assembly.  These 
positions  wiU  be  located  under  existing  crane  coverage,  except  for  theforward  ^^embly  twls 
which  will  be  covered  by  an  extension  to  the  crane  system,  and  will  be  supplied  with  all  necessary 

utilities. 

An  additional  position  with  a reinforced  foundation,  located  in  the  North  East  comer  of  building 
103,  will  be  required  for  the  new  Aft  Dome  Mechanical  Installation  Fixture. 

Cells  A E F and  L will  require  modifications  to  add  access  platforms  and  stairs  for  installation 
and  removal  of  handling  equipment.  Cell  E may  also  require  modification  to  raise ^ell  rof  ^ 
lift  door,  to  accommodate  an  aft  dome  sump,  and  a new  probe  and  cover  plate  for  the  L02  Tank 

internal  cleaning. 

Final  Assembly  and  Test  and  Checkout  operations  are  not  included  in  this  study  but  have  been 
addresed  in  IACO  studies 

Conclusions 

Manufacture  of  the  cycle  0 reference  configuration  vehicles  can  be  accommodated  within  the 
existing  ET  manufacturing  facilities  with  relatively  minor  impact 

Study  Recommendations 

Existing  NLS  program  groundrule  for  budding  NLS  Core  Tankage  at  the  MAF  has  been  confirmed 
and  should  be  maintained. 

Additional  Information 

See  Doc#  MMC.NLS.SR.001  Book  1 for  more  detailed  results. 
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National  Launc 


5. 2. 1.4. 5 Tooling  Impacts  (CV-STR-16C) 

Objective 

Determine  moling  impacts  resulting  from  the  integration  of  NLS  vehicle  production  into  the  NASA 
External  Tank  manufacturing  environment. 

Approach 

core  tankage. 

Key  Study  Results 

Modify  existing  Dome  weld  tooling  to  accommodate  feedline  fittings  and  outlet  locauons. 

New  LH2  Aft  Dome  Mechanical  Installation  Tool  required. 

Use  existing  ET  tools  for  LH2  Tank  assembly. 

New  L02  Tank  major  weld  assembly  tool  required  due  to  caracity  limitation  This  tool  will  also 
wdd  d«UO  5 ft  tanel  to  the  STA  4058  Tee"  ring,  and  the  aft  dome  assembly. 

Internal  and  extenud  cletming  and  LH2  Tsutit 

existing  ET  processing  cells.  TPS .operations  8*bMh  ^^^^^r^se  mols  and 
in  reactivated  Cells  M & N reP^^e!y;  _ FT  ®ccssingPTn  addition,  new  support 

— <*—• 

A new  dedicated  fixture  will  be  required  for  the  Forward  Sirin  Assembly  and  for  any  non-ET 
compatible  Frame  Assemblies 

Conclusions 

The  cycle  0 reference  configuration  NLS  vehicles  can  be  fabricated  on  the  ET  tooling  with  minor 
impact 

Study  Recommendations 

Maintain  NLS  program  groundrule  to  utilize  ET  tooling. 

^res^S^P^— ' gST^s^^o^abi^Tta^ovS 
manufacturing  efficiency. 

Additional  Information 

See  Doc#  MM C. NLS. SR. 001  Book  1 for  more  detailed  results. 
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6.2. 1.4.5  Tooling  Impacts  (CV-STR-16C) 

Objective 

Determine  tooling  impacts  resulting  from  the  integration  of  NLS  vehicle  production  into  the  NASA 
External  Tank  manufacturing  environment. 

Approach 

Analyze  existing  ET  tooling  to  determine  the  maximum  capacity  of  each  tool  and/or  facility  in  terms 
of  its  major  function,  and  to  evaluate  the  capability  to  produce  ET,  HLLV  and  1.5  Stage  Vehicle 
core  tankage. 

Key  Study  Results 

Modify  existing  Dome  weld  tooling  to  accommodate  feedline  fittings  and  outlet  locations. 

New  LH2  Aft  Dome  Mechanical  Installation  Tool  required. 

Use  existing  ET  tools  for  LH2  Tank  assembly. 

New  L02  Tank  major  weld  assembly  tool  required  due  to  capacity  limitation.  This  tool  will  also 
weld  the  LH2  5 ft  barrel  to  the  STA  4058  "Tee"  ring,  and  the  aft  dome  assembly. 

Internal  and  external  cleaning  and  LH2  Tank  external  finishing  operations  will  be  performed  in  the 
existing  ET  processing  cells.  TPS  operations  for  both  the  L02  and  LH2  tanks  will  be  performed 
in  reactivated  Cells  M & N repectively.  New  adaptor  tooling  will  be  provided  in  those  tools  and 
cells  which  use  the  Orbiter  or  SRB  interfaces  during  ET  processing.  In  addition,  new  support 
tooling  will  be  required  in  Cell  L for  the  Forward  Skin/L02  Tank/Intertank  stack  operation. 

A new  dedicated  fixture  will  be  required  for  the  Forward  Skirt  Assembly  and  for  any  non-ET 
compatible  Frame  Assemblies 

Conclusions 

The  cycle  0 reference  configuration  NLS  vehicles  can  be  fabricated  on  the  ET  tooling  with  minor 
impact 

Study  Recommendations 

Maintain  NLS  program  groundrule  to  utilize  ET  tooling. 

Review  tooling  requirements  for  vehicle  structural  assembly  and  systems  installations  as  design 
matures  and  make  appropriate  changes  to  ensure  production  capability  and  improved 
manufacturing  efficiency. 

Additional  Information 

See  Doc#  MMC.NLS.SR.001  Book  1 for  more  detailed  results. 
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Transportation  and  Handling  CV-STR-1 6D 
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T ransportation  and  Handling  CV-STR-1 6D 
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Study  Results  - Core  Tankage  Stack 
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. Roll  Ring  Positioned  at  Sta.  2473.8  and  Locating  Tooling  at  Sta  4058  Support 
Core  Tankage  During  P.M.  Integration. 

. Sea  State  Shipping  Loads  Taken  at  Propulsion  Module  Roll  Ring  Position 
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5.2. 1.4.6  Transportation  & Handling  Requirements  (CV-STR-16D) 

Objective 

Determine  handling  and  transportation  points  required  on  Core  Tankage  subassemblies  for 
manufacturing  of  the  core  tankage  and  IACO/Transportation  of  the  Core  Stage. 

Approach 

Analyze  the  core  tankage  subassemblies,  assembly  and  IACO  activities  to  determine  the  tooling  and 
transportation  interface  point  requirements  for  handling  and  processing  operations  enabling 
maximization  of  the  existing  ET  tools,  equipment  and  facilities. 

Key  Study  Results 

(1)  Frames  required  at  Sta  4018  and  4098. 

(2)  Bolt  attach  points  required  at  (3)  equally  spaced  positions  around  Sta  4018,  4098  and  4058 
(Mid  Point  at  the  "-Z"). 

(3)  Use  flanges  on  L02,  LH2  Tanks  and  Fwd.  Skirt  for  vertical  and  horizontal  lifts  and 
stabilization  locations. 

(4)  Frames  at  Sta.  2852.8  and  flange  at  Sta.  2569.8  on  L02  Tank  and  Sta.  3123.15  on  the  LH2 
Tank  to  support  tankage  during  straddle  carrier  transportation. 

(5)  Fwd.  Skirt  flange  to  support  Core  Tankage  static  weight  in  vertical  and  horizontal  attitudes. 

(6)  Roll  Ring  attach  points  on  Fwd.  Skirt  flange  Sta.  2473.8  & Propulsion  Module  Sta.  4261.4. 

(7)  Roll  Ring  at  Sta.  2473.8  and  locating  tooling  at  Sta.  4058  support  Core  Tankage  during  P.M. 
integration. 

(8)  Sea  state  shipping  loads  taken  at  Fwd  skirt  & propulsion  module  roll  ring  positions. 
Conclusions 

The  defined  lifting  point  locations  and  methods  of  lifting,  roll  ring  locations,  and  positions  for 
processing  cells  and  transportation  adaptor  tooling  can  be  accommodated  in  the  core  tankage  design 
without  impact  A new  transporter  is  required  to  accommodate  the  Core  Stage  which  is 
considerably  heavier  than  ET. 

Study  Recommendations 

Revise  cycle  0 baseline  to  incorporate  the  proposed  configuration  and  new  transporter 
requirement.  In  cycle  1,  determine  frame  and  flange  sizes,  and  incorporate  attachment  holes  for 
tooling  adaptors. 
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Additional  Information 

See  Doc#  MMC.NLS.SR.001  Book  1 for  more  detailed  results. 
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6. 2. 1.4. 6 Transportation  & Handling  Requirements  (CV-STR-16D) 

Objective 

Determine  handling  and  transportation  points  required  on  Core  Tankage  subassemblies  for 
manufacturing  of  the  core  tankage  and  IACO/Transportation  of  the  Core  Stage. 

Approach 

Analyze  the  core  tankage  subassemblies,  assembly  and  IACO  activities  to  determine  the  tooling  and 
transportation  interface  point  requirements  for  handling  and  processing  operations  enabling 
maximization  of  the  existing  ET  tools,  equipment  and  facilities. 

Key  Study  Results 

(1)  Frames  required  at  Sta  4018  and  4098. 

(2)  Bolt  attach  points  required  at  (3)  equally  spaced  positions  around  Sta  4018,  4098  and  4058 
(Mid  Point  at  the  "-Z"). 

(3)  Use  flanges  on  L02,  LH2  Tanks  and  Fwd.  Skirt  for  vertical  and  horizontal  lifts  and 
stabilization  locations. 

(4)  Frames  at  Sta.  2852.8  and  flange  at  Sta.  2569.8  on  L02  Tank  and  Sta.  3 123. 15  on  the  LH2 
Tank  to  support  tankage  during  straddle  carrier  transportation. 

(5)  Fwd.  Skirt  flange  to  support  Core  Tankage  static  weight  in  vertical  and  horizontal  attitudes. 

(6)  Roll  Ring  attach  points  on  Fwd.  Skirt  flange  Sta.  2473.8  & Propulsion  Module  Sta.  4261.4. 

(7)  Roll  Ring  at  Sta.  2473.8  and  locating  tooling  at  Sta.  4058  support  Core  Tankage  during  P.M. 
integration. 

(8)  Sea  state  shipping  loads  taken  at  Fwd  skirt  & propulsion  module  roll  ring  positions. 
Conclusions 

The  defined  lifting  point  locations  and  methods  of  lifting,  roll  ring  locations,  and  positions  for 
processing  cells  and  transportation  adaptor  tooling  can  be  accommodated  in  the  core  tankage  design 
without  impact.  A new  transporter  is  required  to  accommodate  the  Core  Stage  which  is 
considerably  heavier  than  ET. 

Study  Recommendations 

Revise  cycle  0 baseline  to  incorporate  the  proposed  configuration  and  new  transporter 
requirement.  In  cycle  1,  determine  frame  and  flange  sizes,  and  incorporate  attachment  holes  for 
tooling  adaptors. 
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Additional  Information 

See  Doc#  MMC.NLS  .SR.00 1 Book  1 for  more  detailed  results. 
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Reference  Configuration  CV-STR-17A 

( Fabricated  Joint 

( Ref  Bolted  Joint  ^ l Integral  to  Aft  Structure 
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• Sustainer  Penetration  within  Aft  Structure 
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Ref  - LN2  Options  CV-STR-1 7A 
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Option  1 - Weld  Requirements CV-STR-17A 

• Maintain  ET  Mismatch  Requirements 
(Max  Mismatch  1 0%  of  land) 

• 6.0"  Min  Depth  Required  for  Clamps  & Supporting 
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Option  2 CV-STR-17A 

Short  Bolt-on  Skirt 

( New  Bolted  Joint 
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Option  3 CV-STR-1 7 A 
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Frame  at  XN  4170.65  is  not  part  of  skirt 


Option  3 - LN2  Options CV-STR-17A 
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SPACE  SYSTEMS 


Conclusions  &Recommendations 
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5. 2. 7. 4.1  Alternate  Aft  Skirt  Configuration  (#CV-STR-17-A) 


Objective 

To  determine  if  an  alternate  Aft  Skirt  configuration  is  required  or  is  beneficial  for  the  Core  Vehicle. 


Approach 


Define  alternate  Aft  Skirt  configurations.  Identify  design  & imnufacnmng  impacts  for  each 
option,  and  any  recommended  changes  to  the  Reference  Aft  Skirt  configuration. 


Options  Studied 

Reference  configuration  Aft  Skirt  (part  of  Aft  Structure) 
Option  1 - Aft  Skirt  welded  to  Core  Vehicle 
Option  2 - Short  (12")  Bolt-On  Skirt  (part  of  Core  Vehicle) 
Option  3 - Long  (48")  Bolt-On  Skirt  (part  of  Core  Vehicle) 


Key  Study  Results 

Chord  & weld  geometry  / tooting  requirements  were  found  to  make  Option  1 impractical. 

Options  2 & 3 add  a new  bolted  joint  which  adds  600  lbs  of  weight  & additional  cost,  but  they  also 
reduce  the  risk  associated  with  Core  / Aft  Structure  mate. 


Fnrmafifin  of  LN2  & Nitrogen  ice  in  the  crotch  area  was  identified  as  a potential  problem.  Nitrogen 
ke^avbreakfri  causinf  ice  debris  during  flight  LN2  accumulation  would  impact  component 
- • \ mifllifieation  and  LN2  boil-off  would  also  impact  Aft  Compartment  venting.  Use  of  a 

liquid  air  problem. 


Conclusions 

With  the  exception  of  Option  1 all  Options  studied  are  feasibte.  Options  2 & 3 offer  some  increased 
design  flexibility  but  have  associated  weight  and  cost  impacts. 

Additional  analysis  is  required  to  make  a quantitative  assessment  of  LN2  & Nitrogen  ice  formation. 


Study  Recommendations 

Maintain  the  Reference  Aft  Skirt  configuration.  Study  the  LN2  & ice  debris  problem  further  during 


Cycle  1. 


tructures  Data  Package  Page  2 


National  Launch  System  1/9 . 


OPTION  1 - AFT  SKIRT  WELDED  TO  CORE  VEHICLE 


OPTION  2 - SHORT  BOLT-ON  SKIRT 


OPTION  3 - LONG  BOLT-ON  SKIRT 

XN  4122.65  XN  4170.65  XN  4210.32 


Additional  Information 


See  Doc  # MMC.NLS.SR.001.Book  1 for  more  detailed  results 
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6. 2. 7. 4.1  Alternate 


Aft  Skirt  Configuration  (#CV-STR-17-A) 


Objective 

To  determine  if  an  alternate  Aft  Skirt  configuration  is  required  or  is  beneficial  for  the  Core  Vehicle. 

Approach 

Define  alternate  Aft  Skirt  configurations.  Identify  design  & i ^ufactimngimpacts  for  each 
option,  and  any  recommended  changes  to  the  Reference  Aft  Skirt  configuration. 

Options  Studied 

Reference  configuration  Aft  Skirt  (part  of  Aft  Structure) 

Option  1 - Aft  Skirt  welded  to  Core  Vehicle 

Option  2 - Short  (12")  Bolt-On  Skirt  (pan  of  Core  Vehicle) 

Option  3 - Long  (48")  Bolt-On  Skirt  (part  of  Core  Vehicle) 

Key  Study  Results 

Choid  it  weld  geometry  / tooling  requirements  were  found  to  make  Option  1 impracncal. 

Options  2 & 3 add  a new  bolted  joint  which  adds  600  lbs  of  weight  it  additional  cost,  but  they  also 
reduce  the  risk  associated  with  Core  / Aft  Structure  mate. 

Formation  of  LN2&  Nitrogen  ice  in  the  ctotch  area  wt.^ 

address  the  ice  debris  concern.  A Hekum  purge  tn^  P ' configuration,  as  the  crotch  area 

alternate  means  of  addressing  this  problem  on  access  (Helium  is  currently 

canno.  be  foamed  after  core  » Aft  Smtcnne  3^„iSd“sign  flexibility  & 

ITdoXwfoSTnBOf  SeCTorehpnor  to  Co?/ Aft  Structure  mare  thus  eliminating  the  ice  it 

liquid  air  problem. 

Conclusions 

With  the  exception  of  Opdon  1 all  Options  studied  are  fcasible.  Options  2 it  3 offer  some  increased 
design  flexibility  but  have  associated  weight  and  cost  impacts. 

Additional  analysis  is  required  to  make  a quantitative  assessment  of  LN2  it  Nitrogen  ice  formation. 
Study  Recommendations 

Maintain  tire  Reference  Aft  Skin  configumtion.  Study  the  LN2  it  ice  debris  problem  funher  during 
Cycle  1. 


National  Launch  System  1/92  Cycle  Zero  Structures  Data  Package  Page  2 


OPTION  1 - AFT  SKIRT  WELDED  TO  CORE  VEHICLE 


OPTION  2 - SHORT  BOLT-ON  SKIRT 


OPTION  3 - LONG  BOLT-ON  SKIRT 

XN  4122.65  XN  4170.65  XN  4210.32 


Additional  Information 


Sec  Doc  # MMC.NLS.SR.001.Book  1 for  more  detailed  results 
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